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One hundred and eighty-one isolates of Candida 
comprising C. albicans ( 58.6 % ), C. parapsilosis ( 25.2 % ),
C. tropicalis ( 10.5 % )* C. krusei ( 4*4 % )* C. guilliermondii 
( 2.2 % ), C. pseudotropicalis ( 0.6 % ) and C. ravauttii ( 0.6 f» ), 
were examined for 26 physiological characteristics. The characters 
obtained were subjected to 5 different clustering analyses 
( MULTBET, MULCLAS using " incremental sum of squares " fusion 
strategy and MULCLAS using " group average " fusion strategy ).
There appears to be little difference between the 
groupings obtained using a set of Candida species freshly 
isolated from clinical specimens and those obtained for the 
same yeast species maintained for many years on artificial media 
and under different conditions in a culture collection.
Fewer characters were used in this study than are 
conventionally used in taxonomic studies of yeasts. The reasons 
were that it was intended to use rapid methods which were 
currently carried out in routine clinical microbiology laborat­
ories, or which could easily and cheaply adapt to the routine 
laboratory situation.
Although the set of characters used in this study were 
fewer in number than those used in other taxonomic studies, the 
groupings obtained were comparable. In fact, this study suggests 
that, as a limited number of Candida species is encountered in 
the clinical situation, far fewer characters than were tested 
here may be used for satisfactory grouping.
- ii -
Finally, evidence was obtained to suggest that there 
was no statistically significant difference between the various 
species of Candida tested in the presence of Amphotericin B and 
5 - Fluorocytosine. This study suggests that differences in 
antifungal tolerance by various species of pathogenic Candida 
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INTRODUCTION.
1*1 The Classification of Fungi.
There has been great confusion in arriving at an 
acceptable classification of the Fungi* Probably* there is 
still no universally acceptable scheme* since some invest­
igators have chosen to stress certain characteristics more 
than others and have used such characteristics as the basis 
for their particular classification; naturally, other taxon­
omists have disagreed on these choices and have based their 
own schemes on different sets of characteristics*
1«2 Brief History of Classification of the Fungi*
According to Ainsworth and Sussman^ * the first 
attempt at fungal taxonomy was by Early Greek herbalists, 
who classified fungi as "edible" or "poisonous"* Clusius 
in the late 16th Century and van Sterbeeck in the latter 
part of the 17th Century, made significant contributions, 
however it was the binomial nomenclature of Linnaeus, which 
dominated the 18th Century and which still exerts consider­
able influence on modern day taxonomy*
2In 1866, De Bary , announced his broad classific­
ation of fungi (this was very similar to the modern idea )• 
Then, between 1882 and 1925» Saccardo published 25 volumes 
of all the genera and species of fungi which had been des­
cribed to that time, giving a short Latin description for 
each* Naturally, this involved many taxonomic decisions, 
since questions of synonymy had to be resolved and new names 
and taxa proposed. .
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Although there is some disagreement in the finer 
classification of fungi at genus level and less so at order 
and even class level, most schemes appear to agree that the 
Fungi may be classified in the Division Eumycophyta of the 
Kingdom Plantae.







Asexual reproduction by 
means of sporangia contain­
ing motile / non-motile 
spores, or by conidia.
Sexual reproduction by 
fusion of two individuals 
resulting in the formation 





Asexual reproduction by means 




,  *(3 Classes)
Class: Ascomycetes
Sexual reproduction by means 
of ascospores produced in a sac- 
like structure, an ascus.
Class: Basidiomycetes
Sexual reproduction by means 
of basidiospores borne on a club­
shaped structure, a basidium.
Class: Deuteromycetes, or Fungi 
Imperfect!
Heterogeneous group with asexual 
reproduction only. Various types of 
vegetative spores are produced.
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In the Fungi Imperfect!, there are many fungi where 
initial observations have revealed no perfect (or sexual) stage 
and then, later experience has shown sexual reproduction can be 
initiated. In such cases, the respective fungus has been re­
classified in another appropriate genus (and class), when present 
as the perfect stage and the former classification in Fungi 
Imperfecti has been retained for the asexual stage. Naturally, 
this has added to the confusion in fungal taxonomy.
1.3 The Classification of Yeasts.
The yeasts are a heterogeneous group of microorganisms 
within the fungi. Reess in 1870 laid down the basis for the 
classification of yeasts using morphological characteristics, 
noting that the unicellular form was conspicuous among yeasts 
and reproduction was largely by budding, although certain genera 
formed daughter cells by a process intermediate between budding 
and fission. Additionally, many yeasts formed septate, or non­
septate mycelium.
Hansen^ in 1883 introduced another concept to yeast 
taxonomy, when he utilised the fact that different species of 
yeasts varied in their abilities to ferment carbohydrates.
The third fundamental contribution came from
5Guilliermond early in the twentieth century, when he studied 
the sexual reproduction of ascogenous yeasts. This laid the 
foundation for later studies on yeast genetics and life cycles, 
divulging still further information on the relationships of 
different groups of yeasts.
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Some examples of classification schemes for the
yeasts are following s
£





(later changed to Saccharomycetales); this order consisted of 

















Kudriavzev did not accept classification based on the 
presence of asci, which he felt was an artificial one# He 
excluded yeastlike genera which formed mycelium, dealing mainly 
with sporogenous yeasts in his classification, although some 
which did not form spores were also included.
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nIn 1961, Novak and Zsolt' published their system in which 
all yeasts were placed in a single order s Endomycetales, which 




Sporogenous yeasts (6 Families)
V
Asporogenous yeasts (2 Families)
Family : Lipomycetaceae - Family : Sporobolomycetaceae -
development of each ascus as formation of ballistospores;
a bud from a zygote; Family j Cryptococcaceae -
Family : Schizosaccharomycet- 
aceae - characterised by 
arthrospores;
Family j Saccharomycetaceae - 
globose or ovoid spores; 
Family : Hanensulaceae - 
hemispherical, hat-shaped, or 
satum-shaped spores;
Family : Fabosporaceae - 
bean-shaped, or long-ovoid 
spores;
Family : Nematosporaceae - 
spindle-shaped spores;
no ballistospores are formed;
They divided their Family j Cryptococcaceae into
5 Sub-families :
Sub-Family : Trichosporoideae - produces arthrospores, true
mycelium and pseudomycelium;
Sub-Family : Procandidoldeae - produces true mycelium;
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Sub-Family : Candidoideae - produces pseudomycelium; no
true mycelium;
Sub-Family : Torulopsoideae - absence of true mycelium or
pseudomycelium; fermentative; 
Sub-Family s Cryptococcoideae - absence of true mycelium
or pseudomycelium; 
non-f ermentative;
They further subdivided Sub-Families into Genera : 
e.g. Sub-Family s Candidoideae
Genus : AzymoCandida Genus : Candida
- non-fermentative - fermentative
0
However, Lodder feels that these new names only add 
to the confusion in yeast taxonomy. Additionally, the character­
istics used such as presence / absence of true mycelium and of 
fermentation are not clear cut in many cases and therefore, 
cannot be described simply as * + ' or * - 1.
Lodder's approach was to divide the yeasts into four
groups i
(1) Ascomycetous Yeasts : Order : Endomycetales, which belong
to the Protunicatae, a Sub-Class of Class : Ascomycetes •
149( Alexopoulos called this Sub-Class Hernias cornyce tidae )•
These yeasts produce true mycelium and reproduce sexually 
via ascospores produced in an ascus.
(2) The Genera : Leucosporidium and Rhodosporidium, belonging
to the Order : Ustilaginales in Class : Basidiomycetes
- 7 -
(3) The yeastlike genera classified in the Family : 
Sporobolomycetaceae in Class : Basidiomycetes* These are 
characterised by the formation of ballistospores and may also 
form mycelium with binucleate cells and clamp connections*
(4) Those yeasts in which sexual reproduction has not yet 
been observed and which form no ballistospores. These may
be grouped as Asporogenous Yeasts* It is a very heterogeneous 
group and Lodder feels it is pointless to classify them in 
higher taxa. They belong in Class : Fungi Imperfecti* or 
Deuteromycetes and, for convenience, have been classified 
in Family : Cryptococcaceae within the Order s Monlliales*
It is Lodder*s scheme which will be followed during 
this study and the group of yeasts investigated may all be 
classified in Genus s Candida , as follows j 
KINGDOM s FUNGI





1*4 Criteria Used in Classification of Yeasts,
Van der Walt (in Lodder^ ) has described in great 
detail methods for testing characteristics, which are used in 
the differentiation, firstly to genus level and thence to 
species level, of the yeasts. The characteristics and 
criteria which are presently used have arisen from roughly
9130 years of yeast taxonomy# Van der Walt feels that, broadly,
morphological and reproductive characteristics are appropriate
to demarcate higher taxa, while physiological criteria are used
to differentiate the lower taxa, species in particular#
Suggestions that yeasts should be classified on purely
biochemical criteria (e.g# Barnett^) have been firmly declared
11unacceptable (Roberts and Thome )•
9Van der Walt describes the choice of criteria and
characteristics very simply in the following statement :
" Since a taxonomic system finds its greatest application in
routine work, the characteristics and criteria should be, as
much as possible, suitable for routine use# The most important
morphological characteristics from the taxonomical point of
view are those which can be observed with standard optical
equipment, and the most useful physiological criteria
those which can be demonstrated by simple techniques that give
unambiguous results# "
12In Lodder*s *The Yeasts# A Taxonomic Study*, the 
following criteria were used for classification of more than 
4,300 strains of yeasts into 39 genera, with 349 species.
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Q
Van der Walt's7 Criteria for Yeast Classification«
A# Morphological Characteristics :
1• Characteristics of vegetative reproduction 
20 Characteristics of vegetative cells
B. Cultural Characteristics :
1• Growth in liquid media 
2. Growth in solid media
C. Sexual Characteristics :
1• Characteristics of the ascus and ascospores
2. Infertility in ascomycetous yeasts as a taxonomic criterion
3* Characteristics of the teliospores and sporidia
D. Physiological Characteristics :
1« Utilization of carbon compounds
a* Fermentative utilization of carbon compounds
b. Oxidative utilization of carbon compounds
c. Splitting of arbutin
2# Utilization of nitrogen compounds 
3# Growth in vitamin-free medium 
4# Growth on media of high osmotic pressure
5. Growth at elevated temperatures
6. Acid production
7* Production of extracellular, amyloid compounds




12. Cycloheximide (actidione) resistance
13. Gelatin liquefaction
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 ̂*5 Criteria Used in Classification of Genus : Candida 
The criteria described by van Uden and Buckley 
(in Lodder1  ̂ ) were used. They felt that the genus Candida 
included a heterogeneous collection of asporogenous yeast 
strains which could not be classified in any of the more 
homogeneous genera of imperfect yeasts. The genus Torulopsis 
also consisted of a collection of imperfect yeasts with similar 
heterogeneity. The taxonomic similarity of these two genera will 
be discussed later. For the present, van Uden and Buckley*s 
description^ states that : ” Candida and Torulopsis comprise 
all asporogenous yeast species (i.e. those species which form 
no ascospores or teliospores), which lack the following prop­
erties or combination of properties characteristic for the 
genera in brackets s
1 • Formation of ballistospores (Sporobolomyces, Bullera, 
Sporidiobolus )
2. Absence of fermentation and of well developed pseudomycelium 
while inositol is assimilated (Cryptococcus )
3. Formation of bottle-shaped cells by unipolar budding 
and absence of fermentation ( Pityrosporum )
4* Cell reproduction intermediate between budding and fission 
without endospore formation ( Schizoblastosporion )
5. Endospore formation and broadbased budding combined with 
fission ( Oosporidium )
6. Formation of ogive-shaped cells and pronounced production 
of acetic acid ( Brettanomyces )
- 11
7« Formation of triangular cells ( Trigonopsis )
8. Fermentation and formation of apiculate cells with bipolar 
budding ( Kloeckera )
9# Formation of distinctly visible carotenoid pigments and 
absence of fermentation ( Rhodotorula )
10. Formation of true mycelium and arthrospores ( Trichosporon )
11. Formation of cells connected by narrow tubes ( Sterigmatomyces )
Hence f they describe genus Candida (.Berkhout) with the 
following criteria s
" Cells globose, ovoid, cylindrical or elongate, some­
times irregularly shaped, normally not ogival , apiculate or 
flask shaped ;
Reproduction normally by multipolar budding; cells with 
apparent bipolar budding do not normally bud on a broad base ;
Pseudomycelium formation by all or most strains of all 
species or varieties. The pseudomycelium is often differentiated 
into pseudohyphae and blastospores. Chlamydospores may be formed. 
True mycelium may be formed. Arthrospores absent. Ascospores, 
teliospores or ballistospores are not formed ;
Visible pigmentation due to carotenoid pigments absent ; 
Extracellular polysaccharides may be formed and may 
give a positive iodine reaction ;
Alcoholic fermentation occurs in many species. ”
- 12 -
 ̂»6 History of Medical Mycology»
It has long been realised that fungi could be patho­
genic for man and animals* Ainsworth and Sussman*^ suggest 
that possibly the first written reference to a fungal pathogen 
is the death from poisoning of a family ( mothery daughter and 
two adult sons ), presumably due to the consumption of poisonous 
fungi. This event was commemorated by Euripides in an epigram 
between 456 and 450 B*C* Probably Hippocrates J described the 
first case of oral thrush in his " Epidemics ” in the 4th 
Century B.C. Again, Ainsworth and Sussman^ list that Celsius
described ringworm (in the favic form) in man around 30 A*D.
16However, according to Alexopoulos , it was not until
the invention of the microscope in the seventeenth century that
the systematic study of fungi began. Robert Hooke ' published
his " Micrographia " in 1665» which included illustrations of
the sporangia of Nucor and the teliospores of Phragmidium
mucronatum (rose rust). In 1729» Pier* Antonio Micheli18*1^ ,
the Italian Botanist, published ” Nova Plantarum Genera " in
which he described 1,900 plants (900 of these were fungi). He
19included his researches on fungi and Alexopoulos feels that 
Micheli probably deserves the homour of being called ’ Founder 
of the Science of Mycology *.
In 1748* a fatal Saprolegnia infection of a roach was 
described in Transactions of the Royal Society. Avian Aspergill­
osis was described in the lung of a flamingo by Owen in 1832. 
Between 1837 and 1839* Bassi carefully described the fungus
Beauvaria bassiana as the cause of muscardine disease of silkworm
- 13 -
Then, between 1841 and 1844» Gruby described the 
fungi associated with the four common types of ringworm in man* 
These studies were vitally important to Medical Mycology, since 
Gruby proved that these fungi were responsible for the clinical 
disease by applying Koch*s postulates* Having isolated and 
described Trichophyt. on schoenleinii, from favus lesions, he 
induced the identical clinical condition by inoculating himself 
with the same favic clinical material.
At this stage, Medical Mycology was greatly overshadowed 
by Medical Bacteriology; fifty years elapsed before, in the 1890*s 
Sabouraud had to rediscover and confirm those initial important 
findings of Gruby*
20
1*7 History of Yeasts within Medical Mycology.
Although Yeast Infections have been recognised as
clinical entities for more than two thousand years, it was not
realised that yeast organisms were the causative agents until
15the 19th Century A.D. Hippocrates ** (460 - 377 B.C.) was
probably the first to describe oral thrush in his " Epidemics "•
Galen (130 - approx. 200 A.D.) also described oral thrush and
21drew attention to its frequency in children. Samuel Pepys
also mentioned this disease in his diary of 17th June 1665.
22In a 1771 Paediatrics text, Rosen von Rosenstein and Underwood
in 1784 in his " Treatise on the Diseases of Children ", each 
gave clear and concise descriptions of both oral and gastro-
✓ . sintestinal candidosis. In 1786, the French Société Royale de
23Medecine instituted a £1,200/0/0 award for the study of thrush J.
-  H -
Van Leeuwenhoek, in 1685, was the first to describe
PAyeasts microscopically ^ • Cagniard-Latour in 1836 and Schwann 
25in 1837 propounded their theories concerning the "living
nature of yeast globules which were always found in sugar
26solutions undergoing alcoholic fermentation". Pasteur 
continued on this subject in the 1840*s and 50*s, however, 
recorded studies on the pathogenic nature of yeasts only began
in 1841, when Berg recognised Candida albicans as the fungus
27 28causing oral thrush • Earlier in 1839t Langenbeck had
described a yeast in the buccal mucosae of a patient suffering
from typhus, wrongly suggesting that the yeast was causing the
typhus infection.
Other forms of candidosis were discovered and described.
29The following table (taken from Odds ) lists the first accredited 
descriptions of various forms of candidosis,
Until microscopy was introduced, however, only the clinical
manifestations were recognised and nothing was known of the
yeast causing the disease#
- 15 -
Table 1 » Earliest known reports of the principal types of
candidosis»




Oral thrush 4th Century B.C. Hippocrates
Oesophageal candidosis 1835 Veron
Vaginal candidosis 1849 Wilkinson
Cerebral candidosis 1862 Zenker
Disseminated candidosis 1890 Schmorf
Candida onychomycosis 1904 Dubendorfer
Cutaneous candidosis 1907 Jacobi
Chronic Mucocutaneous 1909 Forbes
candidosis
Candida cystitis 1910 Rafin
Candida paronychia 1925 Kingery & Thienes
Candida osteomyelitis 1928 Connor
Candida nephritis 1951 Lundquist
Candida endocarditis 1940 Joachim & Polayes
Candida endophthalmitis 1945 Miale
It was not until many years later that other yeasts 
were accepted as potential pathogens*
The yeast causing the above forms of candidosis was the 
subject of many decades of grossly confused attempts to classify 
it. Plaut^0 in 1887 named this yeast Monllia Candida, while
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Zopf  ̂ changed this name to Monilia albicans* This latter name
32remained for several decades until 1923, when Berkhout suggested
33the generic name Candida» Between 1910 and 1912, Castellani had 
identified yeast species other than C« albioans, suggesting that 
these may be involved in the pathogenesis of candidosis. He 
classified these in Monilia (now genus s Candida )« A more 
detailed account of the genus : Candida will appear later in 
this discussion«
Other genera of yeasts, which have been isolated from 
human specimens, emerged. Some have been implicated as the cause 
of yeast mycoses« Genus : Trichosporon was introduced by
3 a 33Behrend in 1890 • However, according to LodderJ ,
Trichosporon cutaneum was first described by Küchenmeister and 
Rabenhorst in 1867, as an alga, Beigel reclassified it as a fungus 
in 1869 and Behrend re-examined this yeast placing it in Tricho­
sporon in 1890« Lodder lists 94 synonyms of T« cutaneum^  • 
Trichosporon pullulans was described by Lindner in 1895« More 
usually found in air samples from hop fields, or in beer casks, 
this yeast is nevertheless occasionally recovered from human 
specimens«
The generic name Torulopsis was introduced by Berlese
37in 1895 • The validity of Torulopsis as a separate genus has
38recently been questioned , however this taxonomic problem 
will be discussed later in this text. For the present, the
original generic name will be retained in this discussion.
Although members of Torulopsis are generally associated with
31
environments other than man and animals, some species have been
- 17 -
• 59implicated as human pathogens, Lodder^ lists the following 
species : T, colliculosa, described by Hartman in 1903»
T, holmii, described by Jorgensen in 1909; T, molischiana, 
described by Zikes in 1911; T, dattila, described by Kluyver 
in 1914 and T, lactis-condensi, described by Hammer in 1919*
All these yeasts were isolated from food, air, or other non­
clinical material. At this time, the first Torulopsis species 
isolated from clinical specimens were described, Andersen^8 
described in 1917» a yeast isolated from faeces, T, glabrata, 
and in 1922, Saito^ described a yeast isolated from air,
T, Candida. This latter yeast is relatively commonly isolated 
from clinical specimens, while T, glabrata is (apart from 
C, albicans ) the most commonly isolated yeast from genital and 
urinary tract specimens^ *
Cryptococcus is an interesting genus among the pathogenic 
yeasts. Originally described as a saprophytic yeast when isolated 
from fruit juices by Sanfelice in 1895^ » C, neoformans has 
since been repeatedly isolated from naturally-occurring infections 
in man and animals, Lodder4 ' lists 39 synonyms for this yeast.
Other Cryptococci have been mainly isolated from environmental 
samples, such as air, soil and water, however even these yeasts 
have occasionally been associated with clinical disease, although 
always in the compromised host. These include C, albidus, C, flavus, 
and C, luteolus, all isolated from air and described by Saito 
in 1922 *8 ~ 50 . In 1934» Wolfram and Zach described a yeast,
Cryptococcus uniguttulatus, which they isolated from a diseased
- 18 -
human nail^ • Incidentally, Lodder and Kreger-van Rij^ 
reclassified this yeast as C. neoformans var» uniguttulatus 
in 1952. This latter yeast is occasionally isolated from 
compromised hosts, although its prevalence does not approach 
that of C. neoformans»
Rhodotorula genus was designated by Harrison in 1928^.
However, yeasts from this genus were described some seventy years
earlier; R. glutinis was first described by Presenius in 1852 ^
and R* rubra, by Demme, in 1889 ^ • Members of this genus are
normally saprophytic, however there are many examples of
pathogenicity ascribed to Rhodotorula species ^  mainly
in compromised hosts. R. rubra was first described as an isolate
from milk, cheese and the stools of children who had drunk milk
contaminated with this yeast.
. 59According to Lodder , Pityrosporum genus was estab­
lished by Sabouraud in 1904, however, Eichstedt in 1846 had 
detected Malassezia furfur in human skin scales derived from a 
case of Pityriasis versicolor, while Sluyter in 1847 and Robin
in 1855 had described this yeastlike fungus. In 1874, Malassez^0
. 61 described the yeast form of M. furfur and Sabouraud named
it Pityrosporum malassezii in 1904* Possibly, Kraus in 1913 was
the first to realize that Malassezia and Pityrosporum were
62different stages of the same fungus •
These six genera, Trichosporon, Torulopsis, Crypto­
coccus , Rhodotorula, Pityrosporum and of course Candida, include 
according to Stenderup^ the great majority of yeasts that may 
cause infections in man.
- 19 -
On the other hand, genus Saccharomyces apparently has 
taken historical precedence in mycological investigations* 
Possibly the reason may lie in the industrial importance of 
members of Saccharomyces t examples being in the brewing industry 
and other industrial fermentations*
In 1838, Meyen called the beer yeast Saccharomyces 
cerevislae, to distinguish it from other yeasts which ferment 
grape and apple juices ^  , however prior to this, van 
Leeuwenhoek, in 1683, was almost certainly the first to describe 
microscopically yeasts of the genus Saccharomyces, while 
Desmazieres gave a more precise description in 1826, when he 
distinguished and named five species of Mycoderma including the 
beer yeast, which he named Mycoderma cerevisiae ^5. Reess^ 
(1870) morphologically described S* cerevisiae* One can gain an 
understanding of how the investigative work on the industrially- 
important fermentation yeasts was carried out generally earlier 
than the corresponding work on the medically—important yeasts 
if one examines the following table (compiled from Lodder6  ̂~ ^2).
Table 2* Industrially-important Saccharomyces species*
- Earliest accredited description*
Species Date described Author Source
Saccharomyces bailii 1895 Lindner beer
S* bayanus 1895 Saccardo beer
S* cerevisiae 1883 Hansen (a) beer
S* exiguus 1888 Hansen (b) compressed
yeast
S. rouxii 1883 Boutroux jams & syrups
S. uvarum 1898 Beijerinck currant juice
(a) - Meyen (1838) first described brewing yeast (S* cerevisiae).
but suggestions have been made that his studies may not 
have been made on pure cultures;
(b) Reess (1870) established this species, but his description 
is not very specific and was carried out prior to the 
advent of pure culture studies;
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 ̂ History of Genus ; Candida within Medical Mycology»
With the exception of Candida albicans (which has
been dealt with in some detail previously), most of the
pathogenic Candida species were not really investigated until 
75after 1910 • It has already been noted that, between 1910
and 1912, Castellani had identified yeasts, which he 
classified in genus s Monilia, other than Monilia albicans 
(synonym : C, albicans). According to Lodder in 1923 
Berkhout introduced the generic name Candida for the asporo- 
genous yeastlike fungi that had previously been placed in 
Monilia.
The generic name Candida was generally accepted by
zymologists, since Monilia had also been proposed as generic
name of the imperfect or asexual forms of a group of fruit-
73and leaf-rotting moulds in Sclerotinia • The Ninth
International Botanical Congress at Montreal in 1939 accepted
73. 75Candida as a nomen conservandum 9 '.
The following table has been compiled from
76information supplied by Lodder • Included is a group of
yeasts within Candida which are considered pathogenic, or
which have been isolated from human clinical specimens on 
63 77 78occasion ?9 9 • Van Uden and Buckley list 81 species of
Candida in their taxonomic examination, however many will not
be listed here since there is no evidence for their pathogenicity
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Candida albicans (100) 1853 Robin Thrush in babies 
Sc adults
C, claussenii (1) 1952 Lodder & Wood (found to be 
Kreger-van Rij pathogenic for
laboratory animals)
C, guilliermondii (18) I9I2 Castellani Sputum
C# humicola (9) I9I2 Daszewska Diseased skin & 
sputum
C, intermedia (2) I929 Ciferri Sc 
Ashford
Faeces
C, krusei (24) I9IO Castellani Sputum
C, lusitaniae (0) 1939 Van TJden Sc Blood Sc lung tissue 
Do Carmo-Sousa
C, parapsilosis (9) I928 Ashford nails
C, pseudotropicalis (15) I9II Castellani Sputum




C. rugosa (3) I9I7 Anderson Faeces Sc sputum
C, stellatoidea (3) 1938 Jones Sc 
Martin
Vagina
C, tropicalis (57) 1910 (a)Castellani' ' Sputum
C, viswanathii (0) 1959 Sandhu Sc 
Randhawa
Sputum
C, zeylanoides (21) 1920 Castellani Sputum
(a) - Bonorden, in 1851 , and Hansen, in 1886, had described
this yeast earlier, however, since the purity of their
isolates is doubtful, the first legitimate report of 
C. tropicalis must be accepted as that of Castellani 
in 1910.
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1*9 Basis for Ascribing 1 Pathogenicity * to Certain
Candida Species»
It is important to decide which particular Candida
species will be regarded as " pathogenic " for the purpose of
this study. As Hurley and de Louvois state : ” Commensalism is
an outstanding feature of many species of Candida and frank
78pathogenicity may be ascribed to some ” •
One method for ascribing pathogenicity could be to
carry out a literature search, listing all respective Candida
species which had been documented with irrefutable evidence as
79causing Candidiasis. Odds has brought together an enormous
collection of published material in his 1979 monograph
” Candida and Candidosis ". Among the various additional
articles not included by Odds are case reports and literature
review of Candida meningitis by Bayer et al. in 1976, case
reports and literature review of Candida peritonitis in 1976,
81again by Bayer et al. , the review of disseminated Candidiasis
82by Myerowitz, Pazin and Allen in 1977» and the pulmonary
Candidiasis series confirmed by autopsy described by Masur,
83Rosen and Armstrong in 1977*
All the above reports suggest that seven species of 
Candida, namely, C. albicans, C. stellatoidea, C. tropicalis,
C. pseudotropicalis, C. parapsilosis, C» krusei and C. guilller- 
mondii are the principal causes of Candidiasis. Additionally, 
there are several species which are much rarer pathogens;
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77 78these include, C. viswanathii ( Odds , Hurley <5e de Louvois ),
C. ravauttli ( Crozier & Coats ) and C. lusitaniae
(Holzschu et al. 5 )• According to Odds , Koch's postulates
have been unequivocally satisfied for C. albicans, C. troplcalls,
C# parapsilosis, C» pseudotropicalis and C. viswanathii and
largely satisfied for C# guilliermondii and C. krusel»
Another method for testing the pathogenicity of
respective Candida species is animal inoculation, or even
more simply, tissue culture inoculation# Rartridge, Athar and 
06Winner investigated chick embryo inoculation to test pathogen­
icity of various Candida species in 1971» while Stanley and Hurley
87 88in 1964 and again in 1967 9 » reported on the cytopathic
effects of pathogenic and non-pathogenic Candida species on 
cultured mouse epithelial cells. These studies suggest that 
C# albicans, C# stellatoidea and C# tropicalis tended to be 
strongly pathogenic for these tissue culture systems, while C# krusei, 
C# pseudotropicalis and C# parapsilosis were, in varying degrees, 
less pathogenic. C. guilliermondii was apparently only margin­
ally more pathogenic than most of the Candida species listed as 
'non-pathogenic'• Of interest, is the conclusion of Hurley and 
de Louvois ^8, that " customary habitat would seem all important 
in determining the virulence for man of Candida species. Close 
and prolongued contact with species usually isolated from sources 
other than man could result in their adaption to a pathogenic
role n
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A further method incorporates the ability of certain
Candida species to produce particular metabolites, which may
be detected by gas-liquid chromatography in body fluids, when
those particular yeasts are causing invasive Candidiasis.
89Monson and Wilkinson in 1981 and Marier, Milligan and
90Yuan-da Pan in 1982, showed that elevated mannose levels 
could be detected in sera and cerebrospinal fluid (CSP)
samples from patients with proven invasive Candidiasis.
91Kiehn jit al. in 1979 and Bernard et al. in 1981, described
increased D-arabinitol levels in sera of patients suffering
from invasive CandidiasiB. In all human cases above, the yeast
agents were either C. albicans, or C. tropicalis, however 
92Bernard jst al. examined several species of Candida for in 
vitro production of D-arabinitol. They found that C. albicans, 
C. tropicalis, C. parapsilosis and C. pseudotropicalis all 
produced quite detectable levels of D-arabinitol, while, 
somewhat surprisingly, C. krusei apparently did not. The other 
recognised "pathogenic" Candidas were not examined by these 
authors•
Unfortunately, serological methods are not as valuable 
in demonstrating pathogenesis of candidiasis as could be hoped. 
Odds 1979, feels that : " Candida serodiagnosis has not 
really been removed from the category in which Murray placed it 
in 1964 (when writing ): * immunological tests have been 
described, but.••••••••••.the tests fail from one point of view
or another'• "
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Mainly, serodiagnosis has been employed to detect 
systemic Candidiasis which may be very difficult to diagnose 
otherwise* It includes : (1) Candida agglutinin tests, (2) 
Candida complement fixation tests (CFT), (3) Candida precipitin 
tests, and (4) Candida fluorescent antibody tests (FAT)* 
Detection incorporated j (1) tube, well, or slide methods for 
Candida agglutinins (Lehner et al* ^  ); (2) classical CFT 
tube, or well methods to detect Candida antibodies in sera 
( Odds ^  ). (5) tube precipitation, immunodiffusion 
( Ouchterlony plate ? ) and various applications of immuno­
electrophoresis (including counter-current, or CCIE) for
/ 98 " 99Candida precipitins ( Dee & Berger , Hopfer & Groschel ,
Myerowitz et al* and Odds ^1 and, (4) direct and
indirect FAT for detection of yeast cells in tissue and fluids
( Lehner at al. ^  ) •
New methods include radioimmunoassay (RIA), used in
102Candida serodiagnosis by Weiner and Coats-Stephen and, 
enzyme-linked immunosorbent assay technique (ELISA), used by 
Warren et al**^ and Segal et al.^^ to investigate invasive 
Candidiasis*
Some of these techniques have also been used to
1 osidentify Candida yeasts to species level ( Odds , Shinoda 
et al* )• Candida species exhibit some degree of cross­
reactivity ( Odds^^)* Therefore, although invasive Candidiasis 
attributable to Candida species other than C* albicans will be 
detectable by serodiagnosis ( Weiner & Coats-Stephen ,
Odds ^  ), the difficulty of interpretation of positive sero­
logical results, with respect to clinical disease, as discussed 
earlier, must still remain*
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1.10 1 Candida 1 versus 1 Torulopsis *.
107According to Lodder , pseudomycelium formation 
is the distinguishing characteristic which separates genus 
Candida (well-developed pseudomycelium) from genus Torulopsis 
(absent or rudimentary pseudomycelium)* This is a very 
distinct characteristic, clearly observable in the clinical 
microbiology laboratory, since all the pathogenic species of 
Candida routinely isolated from clinical specimens produce 
abundant pseudomycelium (see figures 1 - 4 ) and none of the 
pathogenic species of Torulopsis similarly isolated produce 
pseudomycelium (see figures 5» 6 ) on appropriate culture 
media*
However, Lodder and Yarrow and Meyer ^  feel
that this division may be insufficient to warrant classification 
as separate genera* Lodder shows that some haploid mating types 
or imperfect forms of yeasts belonging to either genus may form 
perfect forms in the same sporogenous genus, suggesting that 
Torulopsis may be synonymous with Candida, at least in some cases. 
Lodder  ̂refrained from placing all existing Torulopsis species 
into Candida, because of the confusion it was felt would occur 
by renaming a great number of species* It was felt that this would 
add to the already existing state of confusion in yeast taxonomy. 
Nevertheless, in 1978, Yarrow and Meyer ' felt that genus 
Torulopsis was no longer a legitimate name and renamed all pre­
vious species of this genus, placing them in Candida. Many 
workers in this field apparently have refused to accept this 
ammendment and numerous reports are still published in which
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the pseudomycelium-less yeasts of this group are still designated 
as Torulopsis species.
Since the scope of this thesis covers pathogenic Candida 
species and since it is generally accepted that pathogenic Candida 
species may produce filamentation in infected tissue and Torulopsis
species do not ( Chandler, Kaplan and Ajello Marks, Langston
109 110and Eickhoff , Grimley, Wright and Jennings , and see
figures 7 - 12 ), those Torulopsis species which were placed in
Candida by Yarrow and Meyer ^  will not be included here.
1.11 Numerical Taxonomy of Yeasts.
111In 1970, Cowan clearly described * taxonomy' as 
" - divisible into three parts :
(1) sorting of individuals into likes and unlikes; this 
is pigeon-holing, or classification;
(2) labelling or naming the groups sorted (nomenclature);
(3) comparison of the unknown with the known and the 
identification, where possible, of the unknown with 
the previously recognised and named specimen, group, 
or population. "
Numerical analysis, or numerical taxonomy is, as
112defined by Sneath and Sokal , " - the grouping by numerical 
methods of taxonomic units into taxa on the basis of their 
character states. "
Examples of taxonomic studies of yeasts include :
Candida and Torulopsis (Campbell Kockova-Kratochvilova^^,^ ^
116 117arid Schechter et al. ); Trichosporon (Dupont and Hedvick ' );
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Hanensula (Campbell , Fuson et al. 11^, Wickerham 12^ )\
Pichia (Campbell ); Saccharomyces (Campbell 121 *"* 12  ̂ );
122Kluyveromyces (Campbell ); Debaromyces (Kochova—Kratochvilova, 
Slavikova and Jensen 12^ ); various genera of yeasts (Campbell110,12^f 
Barnett et al. 12^* 12^ ).
Numerical Taxonomy Studies of Pathogenic Candida Species,
120Odds quite clearly states that * - the pathogenic
yeasts offer scope for a thorough taxonomic study with numerical
analysis of species relationships. ” Both Odds 11^ and Campbell 11^
cite the Czechoslovakian numerical taxonomy studies of Kockova-
Kratochvilova and her co-workers, and Schechter et al.11^ ,
reminding us that these were carried out on small restricted
groups of Candida and Torulopsis species. Campbell J carried
out numerical analysis and computerized identification of the
genera Candida and Torulopsis, using physiological characteristics
76described in Lodder .
For the purpose of this study, therefore, it was 
decided to carry out a taxonomic study on a series of yeasts
(1) which had been isolated from clinical specimens in which 
they were thought to be pathogenic ^2 and, (2) which were 
subsequently identified as Candida species.
This series of yeasts would be examined by methods which 
were currently carried out in routine clinical microbiology 
laboratories, or which could be easily and cheaply adapted to 
the routine laboratory situation. No procedures were carried out 
which would either involve expensive additions to existing basic
The analyses thus obtained would then be examined to 
see which particular characteristics would be useful to produce 
an identification scheme or key for the pathogenic Candida 
species commonly encountered in the routine clinical micro­
biology laboratory, in Australia, It would be anticipated 
that this scheme would incorporate the least number of tests 
necessary to produce an acceptable identification.
Additionally, it would be interesting to see whether
113the taxa obtained agreed with those obtained by Campbell , 
whose analysis indicated similarities between the principal 
pathogenic Candida species.
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equipment, or significantly add to the minimum time required




Between 21,9*78 and 15*8,80, a total of 691 yeasts 
was isolated from clinical specimens derived from patients 
mainly attending hospitals of the Illawarra area of N.S.W., 
namely, The Wollongong Hospital, Port Kembla District Hospital, 
Bulli District Hospital, Bowral District Hospital and Shoal- 
haven District Hospital, Additionally, a small number of yeasts 
isolated from clinical specimens were received from St. Vincents 
Hospital and Prince of Wales Hospital, N.S,W., Australian 
Department of Health Laboratories, Toowoomba, Qld,, Adelaide 
Childrens' Hospital, Adelaide, S.A,, North Coast Pathology 
Services, Taree, N.S.W., Royal Brisbane Hospital, Brisbane, Qld, 
and Stirling Laboratory Services, Hillarys, W.A.
From these yeasts, 181 isolates of Candida were
selected,
2.2 Characters used for Numerical Analysis.
All yeasts tested here satisfied the criteria 
previously described for genus s Candida (page 10). The 
following physiological characteristics were examined for 
each yeast :


























(C) Growth in the presence of 1.8 mM Actidione (Cycloheximide)
2.3 Additional Tests.
To place yeasts in genus : Candida, they had to 
satisfy the criteria described on page 10, i.e. no sexual stage 
could be detected on Potato Dextrose Agar (Difco Laboratories, 
Detroit, Michigan, U.S.A.), or wedges of carrot; pseudomycelium 
and blastospores typical of genus : Candida were formed on Yeast 
Morphology Agar (Difco Laboratories, Detroit, Michigan, U.S.A.); 
cells in liquid medium (Sabouraud dextrose broth) were typical
of the descriptions and budding was apparent as described; 
no carotenoid pigmentation was produced on any of the media 
used, i,e. Sabouraud Dextrose Agar, Mycobiotic Agar, Yeast 
Morphology Agar, or Potato Dextrose Agar (all : Difco 
Laboratories, Detroit, Michigan, U.S.A.).
Certain specialised tests were carried out routinely. 
Germ-tube production. The formation of germ-tubes in serum 
at 37°C in 2 - 3 hours is an accepted presumptive test for
129the identification of Candida albicans ( Taschdijian et al, , 
MacKenzie Griffin Dolan and Ihrke Crozier ^  )#
Since around 70^ of all yeasts isolated in the Illawarra Region
A Ohospitals are C, albicans ( Crozier and Jones ) and are 
therefore germ—tube positive, this is one of the first tests 
carried out, when a yeast isolated from clinical material is 
identified (see figure 13)*
Urease, All yeasts in this series were tested on Christensen’s 
Urea Agar (MicroBiological Media Makers of Australia, Sydney,
N,S,W,), since urease production is commonly found in the 
genera : Cryptococcus, Rhodotorula and Trichosporon, but seldom 
in Candida,
Capsules, If Cryptococci were isolated, a saline wet film was 
prepared and stained with India Ink to demonstrate polysaccharide 




2«4 Media used for testing Characters«
If 26 substrates were to be used singly for each 
isolate, this could be a very laborious and expensive exercise#
Each substrate would have to be prepared separately (e.g. as a 
tube, or bottle of medium), or purchased in this form already 
prepared# Since one of the aims of this project was to ascer­
tain the optimunm number of substrates necessary to produce 
an acceptable identification of a pathogenic Candida isolate, 
and since routine medical microbiology laboratories in pathology 
departments would be required strictly to contain costs, it was 
decided to use one of the multisubstrate-containing kit forms#
There are several commercially-prepared yeast identification 
kits (Anyltab Products Inc.*s API 20C and API 20C Auxanogramme; 
Coming Medical*s Uni-Yeast-Tek Kit; Iatron Laboratories*
Iatron Serological Candida Check Kit; Roche*s Mycotube; and so on ), 
which contain up to twenty substrates and which have shown extremely 
good correlation in identifying clinical yeast isolates when 
compared with standard methods ( Bowman and Aheam ,
Zwadyk et al#^^, Roberts et al,^^ ,Ngui-Yen and Smith ,
Copper al# , Land et al. ^  , Shinoda et al# ,
De Louvois et al. , Crozier , Bridger )•
Correlation values as high as 93 - 99f° have been demonstrated#
The one chosen here was the API 20 C (code no# 2020) 
kit (Carter-Wallace (Aust.) Pty# Ltd; Brookvale, N.S.W# 2100)#
This was chosen because it was the only kit available which 
incorporated both fermentation and assimilation tests# These 
gave the results for Characters 1 - 1 8  and 26 previously described 
(pages 50» 31 )•
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Additional substrates were tested* These were 
Characters 1 9 - 2 4  (inclusive) previously described (page 31)•
They were evaluated according to previously described methods 
(Crozier ), using a pour plate seeded with the appropriate 
yeast isolate and containing Yeast Nitrogen Base (Difco Labor­
atories, Detroit, Michigan, U*S.A.) and Bacto Agar (Difco 
Laboratories, Detroit, Michigan, U*S*A*)* Solid substrates 
tested were simply sprinkled onto the solidified medium 
surface (Crozier ) and liquid substrates were absorbed 
using a sterile filter paper disc 6.5 mm in diameter (BBL 
Division; Becton, Dickinson Co; Cockeysville, Maryland, U*S.A*), 
which was then placed onto the solidified medium surface 
(Crozier )•
Substrates shown as Characters 1 9 — 24 were :
Soluble Starch (L.K. Grade, BDH Ltd; Poole, England)
D (+) Xylose (L.K. Grade, Ajax Chemicals, Sydney,
Australia )
Ethanol, 99*8^ Anhydrous Ethyl Alcohol / Vol. (CSR,
Sydney, Australia )
Succinic Acid (L.R. Grade, BDH Ltd; Poole, England )
Citric Acid (L.R. Grade, BDH Ltd; Poole, England)
Glycerol, B.P. (Manufacturing Pharmacy, Government Stores
Department, Sydney, Australia )
Character 23 was Nitrate assimilation (oxidative 
assimilation) and was tested according to previously 
described methods (Crozier ^47» 4 ) using Pour plates seeded
with each respective yeast isolate and containing Yeast 
Carbon Base (Difco Laboratories, Detroit, Michigan, U.S.A.)
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and Bacto Agar (Difco Laboratories, Detroit, Michigan, U.S.A.).
The nitrate substrate was simply sprinkled onto the solidified 
medium surface (Crozier ^47* 146  ̂ ana £act0 Peptone (Difco 
Laboratories, Detroit, Michigan, U.S.A.) was used as a positive 
control. The nitrate substrate used was Potassium Nitrate (L.R.
Grade, BDH Ltd; Poole, England ).
2.5 Effect of Different Antifungal Substances on Pathogenic 
Candida Species.
It was felt that, if any specific pattern of 
sensitivity / resistance to the commonly used antifungals 
could be established in particular species of pathogenic Candida, 
then this characteristic may have taxonomic vale. For this purpose, 
representatives of the three most commonly encountered species in 
clinical specimens, C. albicans, C. tropicalis and C. parapsilosis, 
were grown in shaken culture in phosphate-buffered asparagine- 
dextrose-yeast nitrogen base broth containing varying concentrat­
ions of the respective antifungal. Two different classes of anti­
fungal compound were used : (1) Amphotericin B , a polyene compound 
(in this case a heptaenej, which binds to sterols in the cell 
membrane, increasing permeability of the cell and causing leakage 
of essential compounds, such as glucose and K+ ; (2) 5-Fluorocytosine, 
a fluorinated pyrimidine, which enters the yeast cell and sub­
sequently interferes with pyrimidine metabolism, after deamination
to fluorouracil
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2.6 Medium used for testing Antifungal Effects.
Phosphate-buffered asparagine-dextrose-yeast
nitrogen base broth was prepared according to the methods described 
150by Shadomy and therefore containing 6.7 g* Yeast Nitrogen 
Base (YNB), 1.5 g» L-asparagine, 10.0 g. dextrose and 100 mis.
distilled water. This broth was sterilised by filtration and 
kept refrigerated as a 10 X concentrate. Before use, it was 
diluted 1 in 10 in phosphate. YNB was obtained from the previously- 
mentioned source; the following chemicals were used as other con­
stituents of the broth s
L-asparagine (A.R. Grade, Sigma Chemical Industry, St. Louis,
U.S.A. )
D-glucose (A.R. Grade, Ajax Chemicals, Sydney, Australia ) 
Phosphate buffer used was M/15 and prepared from 
Na2HP0^ (L.R. Grade, Ajax Chemicals, Sydney, Australia) and 
KHgPO^ (L.R. Grade, Ajax Chemicals, Sydney, Australia) and 
autoclaved in 50 ml. aliquots at 121°C (15 p.s.i) for 15 minutes.
Amphotericin B was purchased from Squibb <5c Sons Pty. Ltd 
(Alexandria, N.S.W., Australia) as 'Fungizone*, a sterile, 
lyophilised powder and dissolved according to Squibb*s instruct­
ions to give a sterile solution containing 5*000 mg / 1.
This was diluted serially to give final concentrations of 
0, 0.0625, 0.125, 0.5 and 2.0 mg / 1. of Amphotericin B in the 
previously-described broth. Since this substance is not partic­
ularly stable in the dilute concentrations used, all were freshly 
prepared and flasks wrapped in silvered aluminium foil (Alfoil) 
to prevent light causing any undue deterioration during the 
incubation time.
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5—Fluorocytosine was purchased from Roche Products Pty.Ltd.
(Dee Why, N.S.W., Australia) as 'Ancotil', a pure powder form 
of 5-fluorocytosine and dissolved according to Roche’s instruct­
ions to give a Bterile solution containing 5f000 mg* / 1* This 
was diluted serially to give final concentrations of 0, 0.0625, 
0.125, 0.5 and 2.0 mg / 1. in the previously-described broth.
This antifungal was prepared in aliquots of suitable concentration 
and kept frozen at —15°C, until needed. To keep similar conditions 
to those used for Amphotericin B broth series, dilutions were 
freshly prepared and flasks were also wrapped in Alfoil.
2.7 Cultures.
Various strains of Candida isolates which had been used 
in the taxonomy study were randomly selected and included the three 
species of Candida most commonly isolated from clinical specimens
A Oin this particular region (Crozier and Jones ). These were 
C. albicans (3 strains), C. tropicalis (1 strain) and C. parap- 
sllosis (2 strains). These had been tested by several identification 
methods (as previously discussed) to confirm their respective 
identities.
All strains were incubated overnight at 35°C on slopes 
of Yeast Morphology Agar (Difco Laboratories, Detroit, Michigan
U.S.A.) and suspensions for use as starter cultures were prepared
152 153 150as described by Proctor and Mackenzie , Holt and Shadomy .
Starter cultures were prepared by incubation at 35°C of
40 ml. of M / 15 phosphate buffer, 5 ml. asparagine-dextrose-YNB
broth and 5 ml. yeast suspension. A Gallenkamp flask shaker was
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used for agitation during the yeast growth. Starter cultures 
were removed from incubation when absorbance (A) was 0.5 
(i.e. mid-log growth phase) and these were immediately refrig­
erated ( 4 - 6°C ).
2.8 Yeast Growth in the Presence of Antifungals.
As previously described, aliquots of sterile phosphate- 
buffered asparagine-dextrose-YNB broth containing increasing 
concentrations of either (1) Amphotericin B f or (2) 5-Fluoro- 
cytosine, from 0 to 2.0 mg / 1. had been prepared. Aliquots of 
the described starter culture were added to each dilution to 
give an initial absorbance (A) of 0.05* These were incubated 
in a Gallenkamp Orbital Incubator set at 140 r.p.m. and 55°C. 
Absorbance readings (A) were taken at intervals using a 
Perkins-Elmer 295E Spectrophotometer set at 700 nm.
2.9 Purity.
To ensure that starter cultures were pure at all 
stages, Gram-stained smears were examined to check for contam­
ination and all broth cultures were plated onto Yeast Morphol­
ogy Agar and blood agar (7*5^ defribrinated horse blood) and 
incubated at room temperature (25 - 28°C) and at 57°C to check 
for purity.
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2.10 Rate of Growth of Yeast Strains.
For each yeast strain, the exponential growth rate 
in generations / hour was obtained for each concentration of 
antifungal, as follows :
(i) The formula y = mx + b was applied, where y = log A (A, 
being Absorbance in 0.D units); x = time in hours; b = the 
interval on the y axis, and m * the slope of the plot of log A 
vs. time. Correlation coefficients (r) were calculated for each 
plot.
(ii) Each value of m was divided by log 2 ( » 0.3010 ) to give 
exponential growth rate values for each yeast strain at each 
antifungal tested.
2.11 Analysis of Exponential Growth Rates for each Yeast to 
check for Possible Potential Species Characteristics.
The exponential growth rates of yeast strains tested 
against known antifungal concentrations were subjected to 
statistical analysis to see whether any species had a signif­
icantly different growth pattern from the other species tested. 
An "Analysis of Variance" programme (SPSS-X) was used to examine 
for strain-to-strain differences and also antifungal concentrat­
ion differences in exponential growth rate.
These programmes were kindly run by Dr. V. Drastik, 
Mathematics Department, The University of Wollongong.
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2.12 Taxonomy / Numerical Analysis.
Not all characteristics of the yeasts examined 
in this study were subjected to numerical analysis. Hence, 
this thesis is not simply a numerical taxonomy of pathogenic 
Candida species. However, the numerical analysis segment is 
discussed below.
The 181 yeasts were subjected to numerical analysis 
using the 26 characters previously listed (pages 30* 3 1  )•
All positive reactions (whether strong, or weak) were recorded 
in binary code as ' 1 *,while all negative reactions were 
recorded as 1 0 1,thus giving rise to the table of raw data 
(Table 4 ).
Three different clustering strategies were used :
(A) The symmetrical information-statistic program MULTBET, 
which uses an intensely-clustering strategy; (b ) A normal 
classification using the 1-complement of the Jaccard measure, 
MULCLAS. This did not see double-zero matches. The fusion 
strategy was Euclidean and clustering was fairly strong, 
using "incremental sum of squares" ; (C) MULCLAS, again, but 
this time using the "group average" fusion strategy.





154According to Clifford and Stephenson , "group 
average" sorting is a generally satisfactory technique. Since 
it is a "weakly-clustering" strategy, group average has an 
important role to play in that it can be usefully employed to 
check for miscalculations resulting from the application of 
more intensely clustering programs.
The strategy can be illustrated through the entity / 
cluster situation, and here the mean of the distances of the 
entity to each constituent of the cluster is derived. Fusion 
is with the cluster giving the shortest mean distance.
Although it gives only moderately sharp clustering, 
it has the advantages of being monotonic, little prone to 
mi8classification, and with little group size dependence.
(ii) Incremental Sum of Squares.
154Clifford and Stephenson describe this strategy
as intensely clustering and showing the property of group
2
size dependence. Squares of Euclidean distances (D ) are
used as distance measures and after uniting the pair of 
2elements whose D is a minimum, subsequent entities are
2fused such that the sum of D within a cluster increases by 
the smallest amount.
Because the sum of squares is constant, if the sum of
pD within a cluster increases minimally, then it follows that 2
2D between clusters is increased maximally.
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2*14 Similarity Coefficients.
(i) Simple Matching Coefficient»
The simple matching coefficient ( Sgm ) is defined
as the total number of positive matches plus the total
number of negative matches (0,0), divided by the total number
155of tests compared (Sokal & Sneath ) 
a + bSsm
a + b + c + d ,where a as total number of positive matches
(+,+) or (1,1)
b =s total number of negative matches 
or (0,0)
c ss total number of positive-negative 
matches (+,-) or (1,0) 
d = total number of negative-positive 
matches (-,+) or (0,1)
156Williams  ̂ expressed this as s
S (or, SMC) = sm v 9 '
a + d
a + b + c + d , where a = total number of positive
matches (+,+) or (1,1) 
b ss total number of positive 
negative matches (+,-) 
or (1,0)
c as total number of negative 
positive matches (-,+) 
or (0,1)
d * total number of negative 
matches (-,-) or (0,0) 
156The S is, according to Williams , regarded as a sm
measure of symmetry and is the most commonly used similarity 
measure in taxonomic analysis*
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(ii) The Jaccard Matching Coefficient.
The Jaccard matching coefficient ( ) is defined as
the total number of positive matches divided by the total
number of comparisons, while deleting the negative matches
(Sokal <5e Sneath ).
157Williams J feels that the S^ measure of similarity 
is particularly useful in ecological studies. He expresses this
measure as :
S a
a + b + c
where a ss total number of positive matches 
(+,+) or (1,1)
b = total number of positive-negative 
matches (+,-) or (1,0) 
c = total number of negative-positive 




As discussed in METHODS (page 40)» the following table 
of raw data was produced by converting positive and negative 
characters to binary code. (For convenience, this Table 4 will 
be included as Appendix 2, at the end of this thesis ). This data 
was then fed into the three different grouping programmes.
Three dendograms were drawn, one from each clustering 
analysis; these are following as Figures 14» 15 and 16.
It h a s  b e c o m e  c o n v e n t i o n a l  w i t h  h i e r a r c h i c a l  
c l u s t e r i n g  s t r a t e g i e s  to p r e s e n t  the r e s u l t s  in the 
f o r m  of s u c h  d e n d o g r a m s  as s h o w n  in F i g u r e s  14,15 an d  
16. H o w e v e r ,  the r e s u l t s  m a y  be e x p r e s s e d  in a n o t h e r  
f o r m  a n d  these h a v e  b e e n  d r a w n  as the d e n d o g r a m s  in 
F i g u r e s  17» 18 a n d  19. It was f e l t  that the l a t t e r  
f i g u r e s  m a d e  it s l i g h t l y  e a s i e r  to r e p r e s e n t  the bas i s  
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Dendogram of Classification B » MULCLAS CLASSIFICATION 
Truncated at the 10 Group Level ( "incremental sum of squares "



























































(A) Classification A ( MULTBET) #
The following characteristics represent the basis
for each important discontinuity or split shown in the follow-
ing dendogram ( Figure 17 ) :
SPLIT 1 î A = Ferments Glucose & other substrates
B = Ferments Glucose only (with the exception of 
C, ravauttii, which is non-fermentative); this 
splits off all C, parapsllosis & C. krusei
SPLIT 2 : C = Ferments Glucose, Galactose and other substrates; 
Maltose fermentation may be +ve, or -ve 
D as Ferments Glucose, Galactose and no other substrates, 
besides Maltose, which may be -»-ve, or -ve (splits 
off 3 sub-groups of C, albicans)
SPLIT 3 ! E = Assimilates Glucose and other substrates (splits 
°ff C, parapsilosis & C» ravauttii)
F = Assimilates Glucose only (splits off all C, krusei)
SPLIT 4 s G =a Ferments Raffinose (splits off all C« guilliermondii 
& C« pseudotropicalis)
H * Does not ferment Raffinose (splits off remainder of 
C, albicans <5c all C« tropicalis)
SPLIT 5 s I»J = 3 subgroups of C» albicans
SPLIT 6 : K as one subgroup of C, parapsilosis and all C» ravauttii;
these can be separated on the basis that C « ravauttii 
is non-fermentative
L a* the other sub-group of C» parapsilosis
SPLIT 7 : M,N a a 2 sub-group mixture of C, albicans & C« tropicalis;
these can be separated on the basis that C, albicans 
is germ-tube +ve and C . tropicalis is germ-tube -ve
SPLIT 8 s 0,P = 2 further sub-groups of C. albicans
SPLIT 9 j Q = Does not ferment Lactose (splits off all C. guillier­
mondii )
R = Ferments Lactose (splits off all C. pseudotropicalis)
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Table 5« Composition of Groups Generated by Classification A 
(arbitrarily truncated at 10 Group level)•
Classification A was arbitrarily truncated at the
10 group level, which gave rise to the following table :




341 4 C. guilliermondii (4 strains)
177 1 C« pseudotropicalis (1 strain)
347 8 C« albicans (8 strains)
327 37 C« albicans (37 strains)
350 18 C. albicans (9 strains)
C* tropicalis (9 strains)
348 13 C. albicans (3 strains)C. tropicalis (10 strains)
352 31 C. ravauttii (1 strain)C parapsilosis (30 strains)
342 12 C« parapsilosis (12 strains)
351 49 C. albicans (49 strains)
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(B) Classification B ( MULCLAS using incremental sum of
squares fusion strategy)•
The following characteristics represent the basis for
each important discontinuity or split shown in the following
dendogram ( Figure 18 ) s
SPLIT 1 s A as Ferments Glucose & other substrates (with the 
exception of C» ravauttii, which is non­
fermentative )
B = Ferments Glucose only (splits off C « krusei St
C« parapsilosis)
SPLIT 2 s C = Assimilates Glucose only (splits off all C« krusei) 
D = Assimilates Glucose St other substrates (splits off 
all C« parapsilosis)
SPLIT 3 : E = Ferments Glucose, Galactose Sc other substrates; 
Maltose fermentation may be +ve, or -ve 
F as Ferments Glucose St Galactose St no other substrates, 
besides Maltose, which may be +ve, or -ve (with 
exception also of C. ravauttii, which is non­
fermentative)
SPLIT 4 : G,H = relatively unimportant splits, since they 
split off 2 sub-groups of C» albicans, one 
containing C, ravauttii
SPLIT 5 : I,J * 2 different sub-groups of C» parapsilosis
SPLIT 6 : K xb Ferments Raffinose; does not ferment Maltose;
(splits off all C« guilliermondii St C« pseudo- 
tropicalis )
L * Ferments Maltose; does not ferment Raffinose;
SPLIT 7 : M = Does not assimilate Cellobiose (splits off one 
mixed group of C» albicans St C» tropicalis)
N = Assimilates Cellobiose (splits off another 
mixed group of C» albicans St C» tropicalis)
(In both groups, M & N, C, albicans is germ-tube +ve, 
while C« tropicalis is germ-tube -ve; these two 
yeasts can be separated on the basis of germ-tube 
formation)
SPLITS 8 & 9 :  0 , P , Q = 3  sub-groups of C« albicans (all are
germ-tube +ve)
R s Germ-tube -ve St non-fermentative (splits off 
all C« ravauttii)
SPLIT 10 : S s Does not ferment Lactose (splits off all
C, guilllermondii)
T * Ferments Lactose (splits off all C« pseudotrop­
icalis )
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Table Composition of Groups Generated by Classification B 
(arbitrarily truncated at 10 Group level)•
Classification B was arbitrarily trunctaed at the
10 group level, which gave rise to the following table î




336 4 C. guilliermondii (4 strains)
177 1 C. pseudotropicalis (1 strain)
549 8 C. albicans (8 strains)
276 57 C. albicans (37 strains)
551 18 C. albicans (9 strains)
C. tropicalis (9 strains)
548 15 C# albicans (3 strains)
C. tropicalis (10 strains)
545 50 C. parapsilosis (30 strains)
546 12 C» parapsilosis (12 strains)
552 50 C# ravauttii (1 strain) 
C* albicans (49 strains)


























(c) Classification C ( MULCLAS using group average fusion strategy) 
The following characteristics represent the basis for 
each important discontinuity or split shown in the following 
dendogram (Figure 19) s
SPLIT 1 : A * Ferments and assimilates Glucose Sc other
substrates (with the exception of C , ravauttii, 
which is non-fermentative, and C« parapsilosis, 
which ferments Glucose only )
B = Ferments and assimilates Glucose only (splits 
off all C« krusei, which is further split into 
2 sub-groups )
SPLIT 2 : C = Ferments Raffinose (splits off all C« guilliemondii
Sc C« pseudotropicalis )
D = Does not ferment Raffinose
SPLIT 3 s E = Does not ferment Lactose (splits off all
C guilliermondil)
F = Ferments Lactose (splits off all C« pseudotropicalis)
SPLIT 4 s G = Ferments Glucose only (splits off all C« parapsilosis,
which is then further split into 3 sub-groups )
H s Ferments Glucose Sc other substrates (with the
exception of C» ravauttii, which is non-fermentative)
SPLIT 5 î I 
J
Non-ferm entative (splits off all C» ravauttii ) 
Fermentative
SPLIT 6 s K = Mostly ferment Maltose & Trehalose (splits off a ' 
group of C* albicans & C« tropicalis; these are 
separated on the basis of the germ-tube test;
C » albicans is germ-tube +ve, while C« tropicalis 
is germ-tube -ve )
L — Mostly do not ferment Maltose Sc Trehalose (all were
C» albicans )
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Table 7» Composition of Groups Generated by Classification C 
(arbitrarily truncated at 10 Group level)•
Classification C was arbitrarily truncated at the
10 group level, which gave rise to the following table s




547 28 C# parapsilosis (28 strains)
59 1 C. parapsilosis (1 strain)
351 24 C# albicans (5 strains)C# tropicalis (19 strains)
352 101 C« albicans (101 strains)
349 13 C* parapsilosis (13 strains)
328 7 C. krusei (7 strains)
176 1 C• krusei (1 strain)
69 1 C# ravauttii (1 strain)
346 4 C« sruilliermondii (4 strains)























F i g u r e  1 9 . D e n d o g r a m  of C l a s s i f i c a t i o n  C ( M U L C L A S , u s i n g
g r o u p  a v e r a g e  f u s i o n  s t r a t e g y ) ; tru n c a t e d  at the 
1 0 g r o u p  l e v e l .
krusei
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3»2 Effect of Amphotericin B and 5-Fluorocytosine (5-FC) on
Growth Rates of C, albicans, C. tropicali3 and C. parapailosis.
( i )  Plots of log Absorbance (A) v s . Time*
For each strain of yeast incubated in the presence of 
known concentrations of antifungal, plots were drawn of log 
Absorbance (A) v s . Time. Examples of typical plots are shown 






F i g u r e  2 0 ,
P l o t  of L o g  A b s o r b a n c e  (A) v s « T i m e * 
(1) 2 386 C» a l b i c a n s  g r o w n  in v a r y i n g  
c o n c e n t r a t i o n s  of 5 -  FC#
TIME (hours)
Legend
#— -- • = Control ( 0 mg/1.)
0 ----- 0 = 0.0625 mg/1.
X---— x= 0.125 nig/1.
h— --- 4 =0.5 mg/1.
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P l o t  o f  L o g  A b s o r b a n c e  (A) v s « T i m e .
(2 ) 2386 C. a l b i c a n s  g r o w n  in v a r y i n g  
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(ii) Growth Rates«
As previously discussed, exponential growth rates 
were obtained for each yeast strain at each respective 
concentration of antifungal* These are shown below*
QTable * Exponential Growth Rate of Yeast Strains in 
the Presence of Amphotericin B *
Yeast strain Amphotericin B concentrations ( mg/1* )
0 0.0625 0.125 0.5 2.0
2380 C* albicans 0.13 0.13 0 0 0
2386 C. albicans 0.47 0.20 0 0 0
2389 C* albicans 0.43 0.20 0 0 0
6413 C. tropicalis 0.30 0.13 0.10 0.07 0
U90 C* parapsilosis 0.17 0 0 0 0
(all exponential growth rates are recorded as generations / hour).
Table 9* Exponential Growth Rate of Yeast Strains in the
Presence of 5-PC«
Yeast strain 5 - PC concentrations ( mg/1. )
0 0.0625 0.125 0.5 2.0
2380 C.albicans 0.53 0.23 0.20 0.03 0.03
2386 C.albicans 0.43 0.40 0.20 0.20 0.07
2389 C.albicans 0.33 0.33 0.30 0.17 0.10
6413 C.tropicalis 0.37 0.33 0.27 0.23 0.13
Control C.parap- 
silosis
0.27 0.30 0.30 0.17 0.10
U90 C.parapsilosis 0.27 0.20 0.13 0.10 0
(all exponential growth rates are recorded as generations / hour)
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(iii) Correlation Coefficients,
For each plot of log A vs* time, a correlation 
coefficient (r) was calculated, (using the formula r =
xy / o ' x  o*y, where x » time values and y = log absorb­
ance values )• A commercial programme was employed to suit a 
Canon programmable calculator, These values were kindly 
calculated by Dr. F. Jennis, Director of Microbiology, The 
Wollongong Hospital. The following tables ( 9 and 10 ) 
indicate values obtained.
Table Correlation Coefficients for Plots of log. A
vs. Time ; ( Amphotericin B ).
Yeast strains Amphotericin B concentrations ( mg/1.)
0 0.0625 0.125 0.5 2.0
2380 C.albicans 0.86 0.81 1.00 1.00 1.00
2386 C.albicans 0.98 0.91 1.00 1.00 1.00
2389 C.albicans 1.00 0.99 1.00 1.00 1.00
6413 C.tropicalis 0.73 0,93 0.92 0.90 1.00
U90 C.parapsilosis 1.00 0.99 1.00 1.00 1.00
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Table 11. Corrélation Coefficients for Plots of Log. A 
vs» Time ; ( 5 - FC )•
Yeast strains 5 -- FC concentrations ( mg/1.)
0 0.0625 0.125 0.5 2.0
2380 C»albicans 0.99 0.91 1.00 0.89 0.87
2386 C»albicans 0.98 0.99 0.93 1.00 0.98
2389 C»albicans 0.96 0.97 0.99 0.96 0.99
6413 C»tropicalis 0.99 0.98 0.95 1.00 0.99
Control C.parapsilosis 0.98 0.99 1.00 0.96 0.99
U 90 C.parapsilosis 0.97 0.96 0.91 0.97 1.00
The above correlations of coefficient (in tables 9 and 
10) were very good generally, giving confidence that the values 
used for exponential growth rate were representative»
(iv) Statistical Analysis»
Statistical analysis showed that there was not a 
significant difference between exponential growth rates of 
yeast strains (and, therefore, the three Candida species 
tested) at the 5 confidence level, however, there was a 
highly significant difference between growth rates at different 
concentrations of antifungal for each individual yeast strain.
For the antifungal Amphotericin B, significance of 
F a* 0,139, with respect to the effect of strain-to-strain 
variation and significance of F = 0.000, with respect to the 
effect ofconcentration-to-concentration variation.
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For the antifungal 5 - FCt significance of F = 0.056, 
with respect to strain-to-strain variation and significance of 
F = 0.000, with respect to concentration-to-concentration 
variation.
The null hypothesis in the above cases, was taken to be 
that there is significant difference between growth rates 
obtained at different antifungal concentrations and between 
different strains of yeasts.
DISCUSSION OF RESULTS.
4*1 Numerical Taxonomy,
113Campbell found that the seven species here 
were closely related at Sgm 70 %. At Sgm approx. 75 
groups containing (1) C» guilliermondii, (2) C. pseudo- 
tropicalis. (3) C. ravauttii and C. krusei> and (4)
C. albicans, C. tropicalis and C. parapsilosis, were split 
off. A discontinuity at Sgm approx. 80 % yielded separate 
groups representing C. ravauttii and C. krusei, while at 
Sgm approx. 90 C. albicans, C. tropicalis and C. parap­
silosis became separate groups.
Campbell ' finds Sgm ̂  65 % to be closely related 
enough for groups to be considered a single genus.
Classification A (MULTBET) indicated that the group
of C. parapsilosis, C. krusei and C. ravauttii was not
closely related to the group of C. albicans, C. tropicalis,
C. pseudotropicalis and C. guilliermondii, since the first
split was at S approx. 35 %• If we take S at between 80 & sm sm
and 90 then we still have only four groups, of which (1) is 
all C» krusei, (2) is all C. parapsilosis and all C. ravauttii, 
(3J is a group consisting entirely of C. albicans strains, and 
(4) is the rest of the C.albicans strains together with all 
C. tropicalis, all C. pseudotropicalis and all C. guilliermondii.
Thus, at S «^90 there was close relation between sm
C. guilliermondii, C. pseudotropicalis, C. tropicalis and some 
C» albicans tested. Also, there was close relation between 
C. ravauttii and C. parapsilosis. It was not until Sgm ^  95 
that groups representing single species were achieved. Even 
-then, C. tropicalis and one set of strains of C. albicans were
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too closely related to be separated into individual species 
by the MULTBET classification, as were C. ravauttii and one 
set of strains of C, parapsilosis. Further characteristics 
in the form of additional tests were required to differentiate 
these respective species.
Classification B (MULCLAS using "incremental sum of 
squares" as the fusion strategy) indicated that the seven 
species of Candida were more closely related than shown in 
the MULTBET classification, since the first split did not 
occur until between 80 ^ and 85 At approx. 84 a 
discontinuity occurred between the group of C. krusei and 
C. parapsilosis, and the group of C. albicans, C. tropicalis, 
C. pseudotropicalis. C. guilliermondii and C . ravauttii. At 
Sj approx. 93 C. krusei is split off from C. parapsilosis, 
however, it is not until approx. 99 fit that C. guillier­
mondii, C. pseudotropicalis, and C. ravauttii are split off 
as separate species. Three separate groups of C. albicans 
strains are also split off and two composite groups of the 
remainder of the C. albicans strains together with all the 
C. tropicalis strains. This classification suggests that 
there is close relation between all seven species of Candida 
examined.
Classification C, however, (MULCLAS, again, this 
time using the "Group average" fusion strategy) gave very 
different results. The first split at approx. 35 % 
indicates that C. krusei is very different from the other
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group of yeasts, comprising the remaining six species
( C, albicans, C , tropicalis, C. guilliermondii, C, pseudo-
tropicalis, C, parapsilosis and C . ravauttii ). The next
split, at S . approx, 59 indicates that the group of J
C, guilliermondii and C, pseudotropicalis is not particularly 
closely related to the group of C, albicans, C, tropicalis,
C, parapsilosis and C, ravauttii,
C, guilliermondii and C, pseudotropicalis become 
separate species at the discontinuity at 64 %$ C, parap­
silosis splits off from the C, albicans / C, tropicalis /
C, ravauttii group at 66 fo , and C. ravauttii splits off 
from the latter group at 68 $>. This clustering suggests 
that there is not a very close relationship between any of 
the seven species examined, with the exception of C, albicans 
and C, tropicalis.
It was interesting to note that, at S ^  75 %$ 
Campbell's investigation grouped (1) C, guilliermondii and 
C, pseudotropicalis, and (2) C, albicans, C, parapsilosis,
C, tropicalis, C, ravauttii and C, krusei, and at S_ approx,
75 %, this latter group split to yield subgroups containing
(a) C, albicans, C, parapsilosis, and C, tropicalis, and
(b) C, ravauttii and C, krusei.
With the exception of C, parapsilosis, the actual 
grouping of the seven Candida species in the three classifications 
used in this study was relatively similar to that described by 
Campbell 11^, In Classifications A and B, C, parapsilosis
was grouped with C, krusei (and generally, C • ravauttii)
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at lower levels of similarity, rather than with the other 
Candida species. This was considered to "be due to the 
characteristic of Glucose Fermentation, alone in the case of 
C. krusei, C. parapsilosis and very weakly fermented (or not 
fermented at all) by C, ravauttil, as different from ferment­
ation of Glucose and other substrates tested in the remainder 
of the Candida species examined in this study.
Classification C gave a slightly different interpret­
ation, since C , parapsilosis was grouped with C. albicans and 
C . tropicalis, at least up to approx. 65 In fact, the
results obtained in Classification C were generally more
115similar to Campbell^ results , than those from either 
Classification A or B.
T h e  d i f f e r e n t  f u s i o n  s t r a t e g i e s  (as d i s c u s s e d  on
p a g e  4 1 ) w e r e  n a t u r a l l y  r e s p o n s i b l e  f o r  the d i f f e r e n c e s  in 
g r o u p i n g s .  C l a s s i f i c a t i o n  C, d e p e n d i n g  on g r o u p  a v e r a g e  as 
its f u s i o n  s t r a t e g y ,  w a s  c o n s i d e r e d  to be s u p e r i o r  as f a r  as 
e f f i c i e n t l y  s e p a r a t i n g  the y e a s t s  i nto t axa r e p r e s e n t i n g  
s i n g l e  s p e c i e s .  T h e  o t h e r  c l a s s i f i c a t i o n s  ( A a n d  B  ), w i t h  
t h e i r  i n t e n s e l y  c l u s t e r i n g  s t r a t e g i e s ,  a p p e a r e d  to be e x a m i n ­
i n g  c h a r a c t e r i s t i c s  w h i c h  w e r e  o s t e n s i b l y  l e a d i n g  t o w ards 
t a x a  c o n s i s t i n g  of g r o u p s  of s p ecies, s h a r i n g  b i o c h e m i c a l  
s i m i l a r i t i e s ,  r a t h e r  t h a n  s e p a r a t i o n  into s i n g l e  species. 
W h i l e  this m a y  h a v e  m e r i t  in o t h e r  g i v e n  s i t u a t i o n s ,  it was 
c o n s i d e r e d  t hat e a s e  of c l a s s i f i c a t i o n  into si n g l e  s p e cies 
was m o r e  i m p o r t a n t  in the c l i n i c a l  m i c r o b i o l o g i c a l  labo r a t o r y .
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4*2 Substrate choice as a basis for differentiation of 
pathogenic Candida species«
Examination of the dendograms (figures 17 to 19 ) 
indicates quite well the basis for each discontinuity or 
split* These are discussed on pages 48 to 56* This then 
leads to the question of how many of the characteristics 
tested ( = substrates tested, generally) may be discarded 
on the grounds of little, or no diagnostic value*
The following discussion makes the assumption that 
the selection of yeasts examined in this study will be the 
only yeasts to be tested in the clinical situation* Naturally, 
this is incorrect, since yeasts of other genera and even other 
species of Candida not included in this study will be encount­
ered* Also, if too few substrates are used, too little 
information will be generated and identification may be 
impossible*
Glucose fermentation was achieved by all yeasts 
tested (with the exception of C* ravauttii) and so it may be 
regarded to be of little diagnostic value, unless as a 
"control substrate" for fermentation testing*. If a yeast is 
able to ferment other substrates e*g* maltose, galactose, 
trehalose, etc*, then it must be able to ferment glucose also, 
so possibly the glucose substrate need not be tested* (Actually, 
this is already left out of one commercial yeast testing kit, 
the Uni-Yeast-Tek Kit produced by Corning Medical, U.S.A*)
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D-Glycerol was universally assimilated and 
potassium nitrate was not assimilated throughout this 
study* Thus, universally positive and negative characters 
should be discarded, from a taxonomic view*
Some of the additional substrates tested for 
assimilation gave very inconclusive results* Positive 
assimilation ranged from very weak to very strong, 
although these were all recorded as ' + * and scored as * 1 1. 
Weak assimilation results may be very difficult to read in 
the routine laboratory situation and other substrates, which 
give more clear-cut results, should be employed* Substrates 
included in this group of weak assimilation were Succinate, 
Citrate and Ethanol, with occasional Soluble Starch and 
L-Arabinose assimilation results giving interpretation 
difficulties,
Fermentation of Galactose and, very occasionally, 
Saccharose could be difficult to interpret, since gas 
production was very weak at times*
The API 20C system chosen here (see figure 22) was 
one of wide usage and acceptance, however, personal communic­
ation with a variety of personnel who have used the system 
within Australian routine microbiology laboratories has 
confirmed the above interpretation difficulties*
Optimally, one should use conventional fermentation 
and assimilation methods. However, as previously discussed, 
the greatly increased time difference between obtaining 
reactions which result in a final identification using con­
ventional methods and that required for the more rapid kit
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methods, may result in a prohibitive delay in the report­
ing of results, especially in the clinical situation. An 
additional disadvantage of the conventional methods over 
kit methods is cost. The use of the single tube substrate 
system is considerably more expensive than the rapid kit 
method, since manufacture costs are higher.
If one is assured that the seven species of Candida 
represented in this study are the only "pathogenic” Candida 
yeasts one will encounter from clinical specimens, the number 
of essential characteristics is considerably reduced. The 
minimum number of substrates are (1) Glucose, (2) Maltose,
(3) Lactose, to be tested for both (a) fermentation, and 
(b) assimilation. Additionally, the •germ-tube' test will 
have to be performed.









Ferments glucose + maltose, or glucose + lactose
Ferments glucose only (4)
Ferments lactose (C, pseudotropicalis)
Does not ferment lactose (5) 
Assimilates glucose only (C, krusei)
Assimilates glucose + maltose 
Ferments maltose (6)
(C, parapsilosis)
Does not ferment maltose (C, guilliermondii) 
Germ-tube positive (C, albicans)
Germ-tube negative (C, tropicalis)
(3)
Further, this key could be enlarged to accom­
odate the remaining eight '’pathogenic” Candida species 
encountered in the clinical situation. Taking all those 
















.Assimilates m a l t o s e  (4)
Does not as s i m i l a t e  m a l t o s e  (3)
A s s i m i l a t e s  trehalose ( C. z e y l a n o i d e s )
Does not as s i m i l a t e  trehalose ( C, r u g o s a ) 
A s s i m i l a t e s  saccharose ( C. h u m i c o l a  ;
D oes not as s i m i l a t e  saccharose ( C. r a v a u t t i i ) 
.Ferments glucose o nly (6 )
F e r m e n t s  m a l t o s e  a n d / o r  lactose (7)
.Assimilates o nly glucose ( C» k r u s e i )
•Assimilates glucose and maltose ( C. p a r a p s i l o s i s ) 
.Assimilates lactose (8 )
•Does not a s similate lactose (9)
.Ferments lactose ( C, p s e u d o tropicalis )
•Does not ferm e n t  lactose ( C« intermedia )
.TTC (see below) r e a c t i o n  strongly positive
( C, t r o p i c a l i s )
•TTC reac t i o n  n egative to w e a k  (10)
A s s i m i l a t e s  rhamnose ( C, lusitaniae )
Does not assimi l a t e  rhamnose (11)
A s s i m i l a t e s  cellobiose ( C. v i s w anathii )




( C« claussenii )
N e w  y e a s t  class i f i c a t i o n  (see Addendum, page 130)
places C. stellatoidea and C, claussenii in synonymy with 
C« albicans. The enlarged key would require only ferment­
ation of Glucose, Maltose and Lactose; assimilation of 
Glucose, Maltose, Lactose, Saccharose, Trehalose, Rhamnose 
and Cellobiose; reduction of 2,3,5 - triphenyl tetrazolium 
chloride (TTC). The germ-tube test would not be necessary.
One area of difficulty which emerged from the 
classification results was that C. tropicalis was not 
adequately separated from some strains of C. albicans by 
any of the three grouping programmes. It should be remem­
bered that a reduced number of characters were used in this
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s t u d y  f o r  the r e a s o n s  p r e v i o u s l y  e x p l a i n e d  ( p a g e  33)• 
O t h e r s ,  f o r  e x a m p l e  A h e a r n  a n d  S c h l i t z e r  c i t e d  in  A d d e n d u m  
( p a g e  1 3 1 ), h a v e  s i m i l a r l y  e x p r e s s e d  d i f f i c u l t i e s  i n  a d e ­
q u a t e l y  s e p a r a t i n g  p a r t i c u l a r  s t r a i n s  of C , a l b i c a n s  a n d  
C« t r o p i c a l i s . T h e y  u s e d  r e d u c t i o n  of  2 , 3 , 5  - t r i p h e n y l  
t e t r a z o l i u m  c h l o r i d e  (TTC), f i n d i n g  C. t r o p i c a l i s  p o s i t i v e  
a n d  C« a l b i c a n s  n e g a t i v e  f o r  this c h a r a c t e r .  T h e  TTC was 
i n c o r p o r a t e d  i n t o  M y c o b i o t i c  A g a r  a t  a  f i n a l  c o n c e n t r a t i o n  
of 100 m g / l .  O t h e r  t h a n  this, g e r m - t u b e  p r o d u c t i o n  (in 
ser u m ,  o r  s e r u m  s u b s t i t u t e s  at  37°C in  2 - 3 h o u r s  ) a n d  
c h l a m y d o s p o r e  f o r m a t i o n  (on Y e a s t  M o r p h o l o g y  A g a r  a f t e r  
1 8 - 2 4  h o u r s  a t  25°C) is g e n e r a l l y  p o s i t i v e  in  C, a l b i c a n s  
a n d  g e n e r a l l y  n e g a t i v e  i n  C. t r o p i c a l i s .
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4*3 Growth Plots«,
Figures 20 and 21 show quite clearly that the 
antifungals Amphotericin B and 5 - FC have different 
effects on the growth of yeasts. Also, statistical analysis 
of variance showed that highly significant differences were 
obtained between growth rates at various concentrations for 
both Amphotericin B and 5 - FC; (for both antifungals, 
significance of F m 0.000),
Figure 21 shows that, below the minimum inhibitory 
concentration (MIC), growth rate (exponential) decreases 
with increased Amphotericin B concentrations. Above the MIC, 
no exponential growth rate was obtained.
Another factor was noticed; lag phase increased 
substantially with increasing Amphotericin B concentration.
The difference in length of lag phase from 0 mg/1. to 0.0625 
mg/1. Amphotericin B measured in various strains of Candida 
species ranged from 20 to 56 hours. No similar effect was 
detected with 5 - FC. The major effect experienced with the 
5 - FC growth plots was (as shown in figure 20), a marked 
decrease in exponential growth rate as the 5 ” FC concentration 
increased. With the exception of 2.0 mg/1. in the case of 
C. parapsilosis, no complete inhibition of growth was exper­
ienced. Hence, MIC values were deemed to be greater than the 
concentrations selected. These were confirmed later by obtaining 
MIC values for respective yeast strains, using the API 10 M kit 
(for determination of MIC values of 5 — FC; API System S.A.
La Balme les Grottes, 58390, Montalieu-Vercieu, France ).
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These results may be explained by examination of
the mode of action of the respective antifungals tested
against yeast cells* (i) Amphotericin B binds to sterol
components (principally ergosterol) of the cell membrane,
altering the permeability of the membrane and allowing leakage
158 159of cytoplasmic constituents  ̂9 • Although some leakage
of cytoplasmic constituents may not result in cell death 
and may be reversed under certain conditions by addition of 
sterol components to the growth medium 9 , uncontrolled
leakage will ultimately result in cell lysis and death.
It was decided to examine, therefore, whether the 
zero growth rate obtained in several of the yeast strains at 
concentrations of 0*125, 0*5 and 2*0 mg/1* Amphotericin B was 
due to actual cell death, or temporary inhibition of growth. 
Various sources  ̂ ’ suggest that MIC values showing 
activity of Amphotericin B against Candida species are generally 
between 0*5 and 1.0 mg/1 . and that minimal fungicidal concentrat­
ion (MFC) values are generally between 2 to 10-fold higher than
MIC's 162
Aliquots of the broth cultures were taken after 48 
hours, cells were washed twice with sterile ringers solution 
and then streaked out onto Sabouraud*s dextrose agar plates 
and incubated at 25 - 28°C for 1 week. Figures 25 to 25 show 
quite clearly that good growth of C* albicans and C. parap­
silosis was obtained at Amphotericin B concentrations of
0 .125 and 0.5 mg/1 ., while no growth was obtained at 2.0 mg/l.
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Therefore, for the C. albicans tested, MIC » 
between 0.0625 and 0.125 mg/1., while MFC « between 0.5 
and 2.0 mg/1., and for the C. parapsilosis tested, MIC a* 
between 0 and 0.0625 mg/1. and MFC * between 0.5 and 2,0 
mg/1. Thus, at the concentrations of 0.125 and 0.5 mg/l. 
and of 0.0625* 0.125 and 0.5 mg/l. for C. parapsilosis, 
the Amphotericin B had a fungistatic effect, whereas at
2.0 mg/1 ., the effect was fungicidal for both yeasts.
It is interesting to examine a report by 
163Seidenfeld jet al. , which has recently described an 
observed Amphotericin B tolerance as ” a characteristic 
of C. parapsilosis not shared by other Candida species "•
Their criterion was that MFC ^  MIC X 32 for Amphotericin B 
activity against C. parapsilosis. Their stated ranges were 
MIC s 0.025 - 0.4 mg/1. and MFC ■ 1.56 - 12.5 mg/1. for 10 
isolates of C. parapsilosis.
Now, it must be agreed that the one isolate tested 
in this current survey could have satisfied the criterion for 
this characteristic of Amphotericin B tolerance, so it was 
decided to examine further isolates of C. parapsilosis for 
MIC to MFC ratio.
Two more isolates were examined in duplicate; one 
gave identical results with those of the first isolate (i.e.
MIC = between 0 and 0.0625 mg/1. and MFC = between 0.5 and
2.0 mg/1. Amphotericin B ). The other did not comply with the
set of criteria for Amphotericin B tolerance (i.e* MFC >  32 X MIC). 
With this isolate, MIC = between 0.125 and 0.5 mg/1. and MFC = 
between 0.5 and 2.0 mg/1 .
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So, at least one strain of C. parapsilosis has been
tested, which does not agree with the findings of Seidenfeld 
163et al. . It would therefore appear that, before calling 
" Amphotericin B tolerance " a characteristic of C, parapsilosis 
and not of the other Candida species, a far larger population of 
this yeast should be examined*
(ii) - FC is transported into the yeast cell cyto­
plasm by cytosine permease and then deaminated to 5-fluorouracil 
(5 - FU) by cytosine deaminase ^4* 165  ̂According to Odds, once 
in the yeast cell, the antifungal action is based on either both, 
or one of the two following mechanisms s (1 ) disturbance of 
protein synthesis and/or amino acid pool resulting from extensive 
replacement of uracil by 5 “ FU in fungal RNA; (2) impaired 
biosynthesis of fungal DNA following inhibition of thymidylate 
synthetase by 5 - fluorodeoxy-uridine monophosphate
In the above situations, 5 - FC is fungistatic at lower 
concentrations, becoming increasingly more active at higher 
concentrations, whereupon it can become fungicidal.
This is why figure 20 shows that, as the concentration 
of 5 - FC increases, the exponential growth rate decreases 
without becoming zero over the range tested.
Examination of exponential growth rates of pathogenic 
species of Candida in varying concentrations of Amphotericin B 
and 5 - FC has been largely unhelpful in yielding characteristics 
which may be of use in future taxonomy. With the exception of £. 
parapsilosis and its possible "Amphotericin B tolerance", (and 
this would have to be confirmed over a far greater population
than has been examined by either the study of Seidenfeld at al.163
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or this present one), no taxonomically-useful differences 
could be determined between C, albicans, C. tropicalis, or 
C» parapsilosis. Certainly, no statistically significant 
differences could be detected between the above three species.
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CONCLUSIONS.
The scope of this thesis was set out in the
Introduction Section. In this, several questions were posed :
113(1) Campbell J had already carried out numerical analysis
and computerized identification of the genera Candida and 
Torulopsis ; his characters were drawn from the standard
76textbook descriptions in Lodder which had been derived
from long-term testing of these characters in culture collection
strains. If a set of Candida yeast strains, freshly isolated from
clinical specimens was examined, would these give similar taxa or
113groups to those found by Campbell ?
(2) The characters to be used in this survey were those 
which would be readily available in a routine clinical micro­
biology laboratory and not the larger sets of characters used by 
Campbell and others ^4» H5t 116 . would the reduced set
of characters give any different groupings to those described by 
113Campbell ?
(3) Since all the yeasts of the above set were clinical isolates 
and it would be of value to define which characters were of greatest 
use in identification of pathogenic Candida species, what would be 
the smallest number of characters required to group satisfactorily 
to species level ?
(4) Since the infections caused by these yeasts may be treated 
with various antifungal drugs, do any of the separate Candida species 
tested show consistent differences to the other Candida species 
when challenged with any respective antifungal and, if so, can
this be regarded as a taxonomically useful character ?
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There appears to be little difference between the 
groupings obtained using a set of Candida species freshly 
isolated from clinical specimens and those obtained for the 
same yeast species maintained for many years on artificial 
media and under different conditions in a culture collection.
Although the set of characters used in this study 
were fewer in number than those used in the other studies J 
the groupings were comparable to those of Campbell's study J 
which used a far greater number of characters. In fact, this 
study suggests that, as a limited number of Candida species 
is encountered in the clinical situation , far fewer 
characters than were tested here may be used for satisfactory 
grouping. To gain a presumptive identification for the seven 
pathogenic Candida species examined, only three substrates, 
glucose, maltose and lactose, tested for both assimilation 
and ferementation, and the additional characteristic of germ 
tube formation, were necessary. The obvious limitations of 
'presumptive identification* have been discussed, also.
Finally, evidence was obtained to suggest that there 
was no statistically significant difference between various 
species of Candida in the presence of the two antifungals 
tested. Although a former claim had suggested that 
Amphotericin B tolerance was a character of C. parapsilosis 
(and not of other Candida species), the results obtained in 
this survey were not conclusive about this character. Thus, it 
is felt that differences in antifungal tolerance by various 
species of pathogenic Candida may not constitute characters




APICULATE - having a short, sharp projection at one end
ARTHROSPORE - asexual spore resulting from the fragmentation 
of a hypha
ASCOMYCETOUS - belonging to the Class : Ascomycetes
ASCOSPORE - a spore, resulting from meiosis, borne in an ascus
ASCUS - a sac-like structure containing a definite number of 
ascospores (typically eight) which are usually formed 
as a result of karyogamy and meiosis; characteristic 
of the Class : Ascomycetes
ASEPTATE - not having cross-walls
ASPOROGENOUS - non-spore-forming
BALLISTOSPORE - a spore produced on a sterigmata and discharged 
by a drop-excretion mechanism; characteristic 
of Sporobolomycetaceae
BASIDIOSPORE - a spore, resulting from karyogamy and meiosis, 
borne on the outside of a basidium
BASIDIUM - a club-shaped structure bearing on its surface a 
definite number of basidiospores (typically four), 
which are usually formed as a result of karyogamy 
and meiosis; characteristic of the Class : 
Basidiomycetes
BLASTSPORE - an asexual spore produced by budding
CANDIDAEMIA - infection of blood (= septacaemia) caused by 
members of the genus : Candida
CANDIDIASIS - infection of the skin, or mucous membranes, or 
occasionally other organs of the body, by 
members of the genus s Candida
CANDIDOSIS - as for Candidiasis
CHLAMYDOSPORE - a hyphal cell, surrounded by a thick cell wall, 
which eventually becomes separated from the 
parent hypha and behaves as a resting asexual 
spore
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CONIDIUM - a spore formed asexually, usually at the tip. or side 
of a hypha
CONIDIOPHORE - a specialised hypha hearing conidia
ENDOSPORE - an asexual spore formed inside a hypha (endogenously) 
and then extruded
MYCELIUM - mass of hyphae constituting the body (thallus) of a fungus
ONYCHOMYCOSIS - a fungal infection of the nail plate
OOSPORE - a thick-walled spore which becomes a zygote produced by 
the uniting of two unlike gametes
PSEUDOMYCELIUM - a series of cells (usually elongated) adhering
end-to-end forming a chain
SEPTATE - having cross-walls
SPORANGIUM - a sac-like structure, the entire protoplasmic contents 
of which become converted into an indefinite number 
of spores
SPOROGENOUS - spore-forming
TELIOSPORE - a thick-walled resting spore produced by a group of 
binucleate cells called * telia*, in some members of 
the Heterobasidiomycetidae in which karyogamy takes 
place




Table 4» Binary Data Accumulated fron the Set of 181 
Strains of Yeasts Tested for 26 Characters*
The binary data listed in Table 4 was generated 
from raw data, as discussed in METHODS on page 40* The 














Binary Data Accumulated from the Set of 181 Strains of Yeasts 
tested for 26 Characters.
Character
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1
1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1
1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1
1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1
1 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
17 18 19 20 21 22 23 CVI 25 26
0 0 0 1 1 1 1 1 0 0
0 0 1 1 1 1 0 1 0 1 1
0D
0 1 1 1 1 1 0 1 0 1
_k
t
0 0 1 1 1 1 0 1 0 1
0 0 1 1 1 1 0 1 0 1
0 0 1 1 1 1 0 1 0 1
0 1 1 1 1 1 0 1 0 1
0 1 1 1 1 1 0 1 0 1
0 0 1 1 1 1 1 1 0 1
0 0 1 1 1 1 1 1 0 1
0 0 0 1 1 1 0 1 0 0


















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
C\J 25 26
1 1 1 1 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1' 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0
1 1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 0
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 1
1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 0 1 0 1
1 1 1 0 0 0 1 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 1 0 0 1 1 1 1 0 0 1 0 1 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 1 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1

















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 0
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1




















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 1 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 7 18 1 9 20 21 22 23 24 25 26
0 1 1 1 1 1 o ■1 0 1
0 1 1 1 1 1 0 ■1 0 1
0 0 1 1 1 1 0 1 0 1
0 0 1 1 1 1 1 1 0 1
0 0 1 1 1 1 1 1 0 1
0 0 1 1 1 1 1 1 0 1
0 0 1 1 1 1 1 1I 0 1
0 0 1 1 1 1 0 -1 0 1
0 0 1 1 1 1 0 11 0 1
0 0 1 1 1 1 0 1! 0 1
0 0 1 1 1 1 0 11 0 1
0 0 1 1 1 1 0 11 0 1
0 0 1 1 1 1 0 11 0 1
0 0 1 1 1 1 0 11 0 1
Table 4 (continued)...
Strain
1 2 3 4 5 6 7 8 9 10 11
56 1 1 1 0 0 0 0 0 0 1 1
57 1 0 0 0 0 0 0 0 0 1 0
58 1 1 1 0 0 0 0 0 0 1 1
59 1 0 0 1 0 0 0 0 0 1 1
60 1 0 0 0 0 0 0 0 0 1 1
61 1 0 0 0 0 1 0 0 0 1 1
62 1 1 1 0 0 0 0 0 0 1 1
63 1 1 1 0 0 0 0 0 0 1 1
64 1 1 1 0 0 0 0 0 0 1 1
65 1 1 1 0 0 0 0 0 0 1 1
66 1 0 0 0 0 0 0 0 0 1 1
67 1 1 1 0 0 0 0 0 0 1 1
68 1 1 1 1 0 0 0 0 0 1 1
69 0 0 0 0 0 0 0 0 0 1 1
Character
12 13 14 15 16 17 18 19 20 21 22 23 2 4 2 5 26
1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
0 0 0 0 0 0 0 0 0 1 1 0 1 0 0
1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 0 0 1 0 1 0 1 1 1 1 1 0 0
1 1 0 0 1 0 0 0 1 1 1 1 1 0 0
1 1 0 0 1 0 0 0 1 1 1 1 1 0 0
1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 0 0 1 0 0 0 1 1 0 1 1 0 0
1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 0 0 1 0 0 1 1 1 1 1 1 0 1

















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1




Table 4. (continued)••• 
Strain
1 2 3 4 5 6 7 8 9 10 12
84 1 1 1 1 0 0 0 0 0 1 1
85 1 1 1 0 0 0 0 0 0 1 1
86 1 1 1 0 0 0 0 0 0 1 1
87 1 1 1 0 0 0 0 0 0 1 1
88 1 1 1 0 0 0 0 0 0 1 1
89 1 1 1 0 0 0 0 0 0 1 1
90 1 1 1 0 0 0 0 0 0 1 1
91 1 1 1 0 0 0 0 0 0 1 1
92 1 1 1 0 0 0 0 0 0 1 1
93 1 1 1 1 0 0 0 0 0 1 1
94 1 1 1 0 0 0 0 0 0 1 1
95 1 1 1 0 0 0 0 0 0 1 1
96 1 1 1 0 0 0 0 0 0 1 1
97 1 1 1 0 0 0 0 0 0 1 1
13 M  15 16 17
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1 
1 1 0  0 1
Character
18 19 20 21 22 25 24 25 26
0 1 1 1 1 0 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 0 1 0 1
0 0 1 1 1 1 1 0 1
0 0 1 1 1 0 1 0 1
0 0 1 1 1 1 1 0 1


















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
17 18 19 20 21 22 23 24 25 26
0 0 1 1 1 1 1
0 0 1 1 1 1 1
0 0 1 1 1 1 1
0 0 1 1 1 1 1
0 0 1 1 1 1 0
0 0 1 1 1 1 0
0 0 1 1 1 1 1
0 0 1 1 1 1 1
0 0 1 1 1 1 1
0 0 1 1 1 1 1
0 0 1 1 1 1 0
0 0 1 1 1 1 0
0 0 1 1 1 1 1































1 2 3 4 5 6
1 1 2 1 1 1 0 0 0
113 1 0 0 0 0 0
114 1 0 0 0 0 0
115 1 0 0 0 0 0
116 1 1 1 1 0 0
1 1 7 1 1 1 1 0 0
118 1 0 0 0 0 0
1 1 9 1 1 1 0 0 0
1 2 0 1 1 1 1 0 0
1 2 1 1 1 1 0 0 0
1 2 2 1 1 1 1 0 0
123 1 0 0 0 0 0
124 1 1 1 1 0 0
125 1 0 0 0 0 0
Character
7 8 9 10 11 12 13 14 15 16
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
17 18 19 20 21 22 23 24 25 26
0 0 1 1 1 1 1
0 0 0 1 1 1 1
0 0 0 1 1 1 1
0 0 0 1 1 1 1
0 1 1 1 1 1 1
0 0 1 1 1 1 1
0 0 0 1 1 0 0
0 0 1 1 1 1 1
0 0 1 1 1 1 0
0 0 1 1 1 0 0
0 1 1 1 1 1 1
0 0 0 1 1 0 0
0 1 1 1 1 1 0

































1 2 3 4 5 6 7 8 9 10 11 12 1 3 1 4 1 5 16 1 7 18 1 9 20 21 22 2 3
CMCM 26
126 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 0
127 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 0
128 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 0 0
129 1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1 0 1 1 1 1 1 1 1 0 1
1 3 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1 0 1 1 1 1 1 1 1 0 1
1 3 1 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 0 0 1 0 0
1 3 2 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 0 0 1 0 0
1 3 3 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 0
1 5 4 1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 - 1 1 0 0 1
1 3 5 1 0 0 0 0 0 0 0 O' 1 1 1 1 0 0 1 0 0 0 1 1 0 0 1 0 0
1 3 6 1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 - 0 0 1 0 1
1 3 7 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0
1 3 8 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 0
1 3 9 1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1 0 1
Table 4 (continued)•••
Strain
1 2 3 4 5 6
1 4 0 1 0 0 0 0 0
1 4 1 1 0 0 0 0 0
1 4 2 1 0 0 0 0 0
1 4 3 1 1 1 1 0 0
1 4 4 1 1 1 1 0 0
1 4 5 1 1 1 1 0 0
1 4 6 1 1 1 1 0 0
1 4 7 1 1 1 1 0 0
14 8 1 0 0 0 0 0
14 9 1 0 0 0 0 0
1 5 0 1 0 0 0 0 0
1 5 1 1 0 0 0 0 0
1 5 2 1 1 0 1 0 1
1 5 3 1 1 1 1 0 0
Character
7 8 9 10 11 12 1 3 1 4 1 5 16
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
0 0 0 1 1 1 1 0 0 1
1 0 0 1 1 1 1 0 1 1
1 0 0 1 1 1 1 0 0 1
17 18 19 20 21 22 23 24 25 26
0 0 0 1 1 1 1 1 0 0
0 0 0 1 1 1 1 1 0 0
0 0 0 1 1 1 1 1 0 0
0 0 1 1 1 1 0 1 0 1
0 1 1 1 1 1 1 1 0 1
0 0 1 1 1 1 1 1 0 1
0 1 1 1 1 1 0 1 0 1
0 0 1 1 1 1 0 1 0 1
0 0 0 1 1 0 0 1 0 0
0 0 1 1 1 0 0 1 0 0
0 0 1 1 1 1 1 1 0 0
0 0 1 1 1 0 0 1 0 0
1 1 1 1 1 1 1 1 0 1


















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1
1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 0 1 0 1 1 0 0 1 1 1 1 0 1 1
1 1 0 1 0 1 1 0 0 1 1 1 1 0 1 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1
1 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1
1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1
1 7 18 19 20 21 22 23 24 25 26
0 0 0 1 1 1 1
0 0 1 1 1 1 0
0 1 1 1 1 0 0
0 0 1 1 1 1 1
0 0 0 1 1 1 1
0 0 0 1 1 0 0
1 1 1 1 1 1 1
1 1 1 1 1 1 1
0 0 1 1 1 1 0
0 0 1 1 1 1 1
0 0 0 0 1 1 0
0 1 1 1 1 1 0
0 0 1 1 1 1 0































1 2 3 4 3 6 7 8 9 10
168 1 0 0 0 0 0 0 0 0 1
169 1 0 0 0 0 0 0 0 0 1
170 1 0 0 0 0 0 0 0 0 1
171 1 0 0 0 0 0 0 0 0 1
172 1 0 0 0 0 0 0 0 0 1
173 1 0 0 0 0 0 0 0 0 1
174 1 0 0 0 0 0 0 0 0 1
175 1 0 0 0 0 0 0 0 0 1
176 1 0 0 0 0 0 0 0 0 1
177 1 1 0 1 1 1 0 0 0 1
178 1 0 0 0 0 0 0 0 0 1
179 1 0 0 0 0 0 0 0 0 1
180 1 0 0 0 0 0 0 0 0 1
181 1 1 0 1 0 1 1 1 0 1
Character
11 12 13 14 13 16 17 18 19 2 0 21
1 1 1 0 0 1 0 0 0 1 1
1 1 1 0 0 1 0 0 0 1 1
1 1 1 0 0 1 0 0 0 1 1
1 1 1 0 0 1 0 0 0 1 1
1 1 1 0 0 1 0 0 0 1 1
1 1 1 0 0 1 0 0 0 1 1
1 1 1 0 0 1 0 0 0 1 1
0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 1
1 0 1 1 1 0 0 1 0 1 1
0 0 0 0 0 0 0 0 0 0 1
1 1 1 0 0 1 0 0 0 1 1
1 1 1 0 0 1 0 0 0 1 1
1 1 1 0 1 1 1 1 0 1 1
22 23 24 25 26
1 1 1 0 0
1 1 1 0 0
1 1 1 0 0
0 0 1 0 0
1 1 1 0 0
1 1 1 0 0
1
0 0 1 0 0 MDVM
1 0 1 0 0 1
1 0 0 0 0
1 1 1 0 0
1 0 1 0 0
0 0 1 0 0
1 1 1 0 0
1 1 1 0 1
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A P P E N D I X  3 .
F i g u r e s  1 to 1) a n d  22 to 27 ( i n c l u s i v e ) .  A l l  a r e  
p h o t o g r a p h s  o r  p h o t o m i c r o g r a p h s  of  y e a s t s ,  as r e f e r r e d  to in 
t h i s  t h e s i s .
F i g u r e  1 .
( 32 5  X) C a n d i d a  t r o p i c a l i s  g r o w n  on Y e a s t  M o r p h o l o g y  A g a r  
i n c u b a t e d  a t  25 -  2 8°C f o r  48 h o u r s ;  n o t e  p s e u d o h y p h a e  a n d
b l a s t o s p o r e s
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F i g u r e  2 .
( 325 X )  C a n d i d a  p a r a p s i l o s i s  g r o w n  o n  Y e a s t  M o r p h o l o g y  A g a r  
i n c u b a t e d  a t  25 -  2 8 ° C  f o r  48 h ours; n o t e  p s e u d o h y p h a e  a n d  
b l a s t o s p o r e s
- 96 -
Figure 5.
( 325 X ) Candida guilliermondii grown on Yeast Morphology Agar 
incubated at 25 - 28°C for 48 hours; note pseudohyphae and
blastospores
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F i g u r e  4 .
( 3 2 5  X  ) C a n d i d a  a l b i c a n s  g r o w n  o n  Y e a s t  M o r p h o l o g y  A g a r  
i n c u b a t e d  a t  25  -  2 8 ° C  f o r  4 6  h o u r s ;  n o t e  p s e u d o h y p h a e ,  
c h l a m y d o s p o r e s  a n d  b l a s t o s p o r e s
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F i g u r e  5 «
l 3 2 5  X  ) T o r u l o p s i s  g l a b r a t a  ( C a n d i d a  g l a b r a t a  ) g r o w n  o n  
Y e a s t  M o r p h o l o g y  A g a r  i n c u b a t e d  a t  25 -  2 8°C f o r  48 h o urs; 
n o t e  c l u s t e r s  o f  b l a s t o s p o r e s , b u t  no p s e u d o h y p h a e
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F i g u r e  6 »
( 325 X ) Torulopsis f a m a t a  ( = Torulopsis C a n d i d a  )
( C a n d i d a  f a m a t a  ) g r o w n  o n  Y e a s t  M o r p h o l o g y  A g a r  i n c u b a t e d  
a t  25 -  28°C f o r  4 8  h o u r s ;  n o t e  c l u s t e r s  of b l a s t o s p o r e s ,
b u t  n o  p s e u d o h y p h a e
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F i g u r e  7 »
( 325 X  ) C A N D I D I A S I S ;  k i d n e y  a b s c e s s  &  i n v o l v e d  C a n d i d a e m i a  
c a u s e d  b y  C a n d i d a  a l b i c a n s ; P . A . S .  stain; n o t e  p s e u d o h y p h a l
e l e m e n t s  a n d  b l a s t o s p o r e s
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Figure 8 ,
( 525 X ) CANDIDIASIS; peptic ulcer; stomach; caused by 




( 3 2 5  X  ) O N Y C H O M Y C O S I S ;  t h u m b  nail; c a u s e d  b y  C a n d i d a  a l b i c a n s ; 
P a r k e r  I n k  & 1C96 K O H  s tain; n o t e  p s e u d o h y p h a l  e l e m e n t s  a n d
blastospores
Figure 10
( 3 2 5  X  ) O N Y C H O M Y C O S I S ;  f i n g e r  n a il; c a u s e d  b y  T o r u l o p s i s  C a n d i d a  
( C a n d i d a  f a m a t a  ); P a r k e r  I n k  &  10$  K O H  stain; n o t e  c l u s t e r s  of
b l a s t o s p o r e s ,  b u t  a b s e n c e  of  p s e u d o h y p h a l  e l e m e n t s
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F i g u r e  1 1 .
( 10 0  X  ) O N Y C H O M Y C O S I S ;  toe nai l ;  c a u s e d  b y  C a n d i d a  r a v a u t t i i ; 
P . A . S .  s tain; n o t e  p s e u d o h y p h a l  e l e m e n t s  a n d  o c c a s i o n a l  b l a s t o -  
s p o r e s  i n  n a i l
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F i g u r e  1 2 .
( 5 5 0  X  ) V A G I N A L  C A N D I D I A S I S ;  v a g i n a l  smear; c a u s e d  b y  
C a n d i d a  a l b i c a n s ;  G r a m - s t a i n e d ;  n o t e  p s e u d o h y p h a l  e l e m e n t s
and clusters of blastospores
- 106 -
F i g u r e  1 5 .
( 7 5 0  X  ) B i a s t o s p o r e s  o f  C a n d i d a  a l b i c a n s  p r o d u c i n g  ’g e r m - t u b e s *  
a f t e r  b e i n g  i n c u b a t e d  i n  s e r u m  @  3 7°C f o r  2 - 3  h o u r s ;  this is 
the b a s i s  o f  th e  ' g e r m - t u b e  t e s t ' , a  p r e s u m p t i v e  t e s t  f o r  the
i d e n t i f i c a t i o n  o f  C a n d i d a  a l b i c a n s
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E x a m p l e s  of two C l i n i c a l  Isol a t e s  of C a n d i d a  species tested 
f o r  C h a r a c t e r i s t i c s  u s i n g  the API 20 C Y e a s t  I d e n t i f i c a t i o n  
T e s t  S t r i p s ,
Figure 22.
T o p  strip ; f e r m e n t a t i o n  tests - g l u cose (+), gal a c t o s e  (+),
m a l t o s e  (+)» sa c c h a r o s e  (+), lactose (-), raffinose (-), 
t r e h alose (-), m e l i b i o s e  (-); a s s i m i l a t i o n  tests - 
control (-), inositol (-), glucose (+), g a l a ctose (+), 
m a l t o s e  (+), s a c c h a r o s e  (+) » l a c tose (-), r a f f inose (-), 
tre h a l o s e  (+), m e l i b i o s e  (-), c e llobiose (-); g r o w t h  
in p r esence of 1.8 m M  a c t i d i o n e  (+); 
this isolate was i d e n t i f i e d  as C, a l b i c a n s ;
B o t t o m  s t rip : f e r m e n t a t i o n  tests - glucose (+), g a l actose (+),
m a l t o s e  (+), sa c c h a r o s e  (+), lactose (-), r a f f i n o s e  (-), 
trehalose (+), m e l i b i o s e  (-); a s s i m i l a t i o n  teats - 
control (-), i nositol (-), gluc o s e  (+), g a l a c t o s e  (+), 
m a l t o s e  (+)» saccha r o s e  (+), lactose (-), r a f f inose (-), 
trehalose (+)» m e l i b i o s e  (-), ce l l o b i o s e  (-); g r o w t h  
in pres e n c e  of 1.8 m M  a c t i d i o n e  (+);
this isolate was i d e n t i f i e d  as C« tropicalis;
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Figure 23,
Candida albicans incubated in shaken broth cultures containing 
0.125 and 0.5 mg/1. Amphotericin B and then streaked out onto 
Sabouraud's dextrose agar plates and incubated at 25 - 28°C for 
1 week; aliquots from both concentrations produced good growth.
-  109  -
Figure 24.
Candida parapsilosis incubated in shaken broth cultures 
containing 0,125 and 0,5 mg/1, Amphotericin B and then streaked 
out onto Sabouraudfs dextrose agar plates and incubated at 25 - 28°C 
for 1 week; aliquots from both concentrations produced good growth.
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Figure 25*
Candida albicans and Candida parapsilosis incubated in shaken 
broth cultures containing 2.0 mg/1. Amphotericin B and then streaked 
out onto Sabouraud's dextrose agar plates and incubated at 25 - 28°C 
for 1 week; aliquots from both species failed to produce any yeast 
growth. (The side streaked with C. albicans is contaminated with 
two fungal colonies; these grew after 6 days' incubation and were 
subsequently identified as Aspergillus sp.).
- 111
F i g u r e  2 6 .
S e n s i t i v i t y  of C a n d i d a  species to 1.8 m M  Cycloheximide (Actidione)
M y c o b i o t i c  A g a r  incorporates 1.8 m M  cycloheximide (actidione); 
Sabo u r a u d ' s  dextrose a g a r  does not; C, parapsilosis (above) is 
quite c l e a r l y  sensitive to cycloheximide at this concentration, 
w h i l e  C. albicans is resistant.
F igure 2 7 ,
S e n s i t i v i t y  of C a n d i d a  species to 1,8 m M  Cycloheximide (Actidione)
M OH* 
MOSPIPA T H  D IP  
T A  H O S P i’P A T H  D IP T  r *  hospital
S A P  H S a 8
CAn D'DA H  C A N pit>A 
- f g o n c  A
MYCO
CA*t>ipA
T g o p 'C A U i
rive ob i otic CANADA 
P A R A P S IL O S IS
As in Figure 26 (above), C. parapsilosis is sensitive to 1.8 mM
Cycloheximide, while C, tropicalis is resistant.
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ADDENDUM.
After all experimental work on this study had been 
completed, another important work on yeast taxonomy was pub­
lished. This was " The Yeasts. A Taxonomic Study ", 3rd 
revised and enlarged edition, edited by Dr. N.J.W. Kreger-van Rij 
and published in 1984 by Elsevier Science Publishers B.V., 
Amsterdam.
This has brought together a lot of the newer taxonomic 
concepts. Even the description of a yeast has been modified 
( page 1 )• Among the increased number of yeasts examined (now,
60 genera and 500 species ), only the genus : Candida concerns 
this thesis. This section is discussed by Sally A. Meyer, D.G. 
Aheam and D. Yarrow ( page 585 ) and they recognise 196 species 
of Candida. This large increase is mainly due to reclassification 
in genus : Candida of all yeasts previously classified in genus : 
Torulopsis ( with the exception of a few which were reclassified 
in other genera).
In their classification, the genus : Candida has been 
divided into 10 groups based on physiological properties, although 
they stress that these groups are neither mutually exclusive nor 
necessarily composed of natural clusters of species. Because of the 
variable nature of some species, they occur in more than one group 
and some species even occur at multiple levels in keys to each 
group ( page 591 ).
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Interestingly, Group VII includes four of the Candida 
species described as "pathogenic” in this thesis. These are 
C. albicans. C. parapsilosis. C. tropicalis and C. lusitaniae 
( pages 602 and 603 )• Other groups contained only one or two 
"pathogenic” Candida species •
In one segment, D.G. Ahearn and R.L. Schlitzer have 
discussed the yeasts pathogenic for man and animals ( page 998 ) 
and a key for the presumptive identification of these yeasts is 
included ( pages 1000 - 1002 ).
The newer taxonomic techniques such as ribosomal RNA - DNA 
homology, coenzyme Q number and complex features such as the struct­
ure and chemical composition of cell wall ( page 43 ) lie outside 
the capabilities of a routine diagnostic microbiology laboratory. 
These taxonomic characters cannot be tested at present by labor­
atories such as the one where this study was carried out. Dr. 
Kreger-van Rij feels that there is a need for various types of keys 
to a limited number of species ( e.g. medical and industrial yeasts ), 
The work in this thesis suports her statement that, for these 
selected species, a reduction of number of key characters is 
required and that modified characters may have to be used in 
order to obtain rapid results.
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